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The  purpose  of  this  study  uias  to  develop  a  simulation 


model  for  helping  Air  Force  decision  makers  to  choose 
optimal  ratios  of  aircrews  to  aircraft.  The  immediate  need 
for  this  model  is  in  evaluating  crew  ratios  for  flAC’s  new 
airlifter,  the  C-17;  but  the  approach  should  be  valid  for 
any  strategic  airlift  aircraft. 

The  model  primarily  measured  four  attributes:  aircraft 
utilization  rate,  average  monthly  flying  time,  average  work 
month,  and  average  time  away  from  home  station.  Second 
order  regression  equations  were  also  derived  as  estimators 
of  the  first  three  of  these  measures. 

Sensitivity  analysis  was  performed  on  various  crew 
ratios,  target  utilization  rates,  flying  time  limits,  and 
staging  policies.  The  results  seemed  plausible,  but 
analysis  should  continue.  The  study  could  be  of  significant 
value  to  planners  at  HD  flAC  and  the  Air  Staff. 
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Abstract 


This  investigation  examined  the  C-17’s  mission  capabi¬ 
lity  in  terms  of  each  aircraft’s  utilization  and  that  utili¬ 
zation’s  effect  on  the  aircrew.  Specifically,  average 
monthly  flying  times  and  average  work  months,  as  well  as 
aircraft  utilization,  were  found  to  be  affected  by  changes 
in  flying  time  limits,  staging  policies,  target  utilization 
rates,  the  number  of  crews,  and  the  launch  reliabilities. 

a .  > .  v;  r- 

The  analysis  was  accomplished  through  a J3LAM  simulation 

A 

of  a  portion  of  the  flAC  airlift  system.  A  single 
homestation  and  two  hamestations  werB  modeled;  however,  only 
the  single  homestation  model  was  analyzed.  The  output  of 
the  simulation  was  regressed  to  yield  an  estimating  equation 
for  achieved  utilization,  average  monthly  flying  time,  and 
average  work  month  for  bath  a  NATO  and  a  SUA  scenario. 

Parameters  varied  in  the  sensitivity  analysis  were  crew 
ratios,  target  utilization,  monthly  and  quarterly  flying 
limits,  and  staging  policies.  Results  pointed  toward  4.B 
crews  per  C-17  without  considering  the  cost  tradeoffs. 
Staging  one  crew  at  an  enroute  base  for  every  forty-five 
planned  mission  transits  seemed  to  be  optimal.  The  results 
also  showed  a  significant  benefit  in  the  sustained  phase 
when  the  30/90  day  limits  were  raised  to  150/450  hours. 


I .  I ntrcduct ion 


General  I ssue 


The  Air  Force  doctrine  states  that  the  United  States 
Air  Force  ’’must  be  able  to  surge  and  expand  to  any  part  of 
the  globe  within  hours”  (8:55.  In  order  to  accomplish  this 
mission,  hilitary  Airlift  Command  ChAC)  plays  a  vital  role 
—  that  of  transporting  the  troops  and  equipment.  If  this 
mission  can  be  accomplished  with  one  less  crew  per  aircraft, 
nAC  can  save  approximately  $1,556  billion  (175.  This,  in 
fact,  was  the  Justification  in  the  13B5  budget  process  for 
funding  a  4.0  crew  ratio  for  the  new  C-17  as  apposed  to  the 
proposed  5.0. 

HD  MAC  and  Air  Farce  Studies  and  Analysis  need  a  model 
for  determining  mission  capability  given  the  number  of 
authorized  crews  and  the  impact  of  changing  that  number. 

They  need  a  model  that  is  capable  of  answering  such  ”UJhat 
if7”  questions  as;  What  is  the  impact  on  aircraft  utiliza¬ 
tion  if  monthly  and  quarterly  flying  time  limits  are  raised? 


□  b  lect.ves 

The  purpose  of  this  research  is  twofold;  l?  to  provide 
a  prediction  equation  that  will  give  decision  makers  a  quick 


answer  as  to  the  utilization  rates  of  their  aircraft  that 
can  be  expected  given  certain  system  character ist ics ,  and 
5?  to  provide  a  model  that  can  show,  in  a  dynamic  manner, 


results  when  parameters  are  varied  and  is  Flexible  enough  to 
be  applied  to  various  aircraft  and/or  scenarios. 

Air  Staff  and  HQ  flAC  planners  do  not  currently  have  an 
adequate,  portable  (capable  of  being  used  at  more  than  a 
single  location!  methodology  for  assessing  mission  capabili¬ 
ty.  This  study  mill  address  the  capability  of  MAC  to  accom¬ 
plish  its  mission  given  a  specific  scenario  and  associated 
aircreui,  aircraft,  and  system  characteristics. 

In  order  to  make  this  determination,  the  Following 
subsidiary  questions  must  be  answered: 

1 .  How  does  an  aircraft  flow  through  the  airlift  system? 

2.  How  does  an  aircrew  flow  through  the  airlift  system? 

3.  What  input  parameters  need  to  be  considered  in 
determining  aircrew  ratios? 

Scope  and  Limitations 

This  study  will  address  flAC  ’  s  intertheater  Cbetween 
theater!  airlift.  The  specific  aircraft  referenced  will  be 
the  C-17,  although  it  could  be  any  aircraft  currently  in  the 
Air  Force  inventory  or  a  future  acquisition,  assuming  its 
characteristics  are  known. 

flAC  plans  For  two  different  types  of  contingencies, 
surge  and  sustained,  each  lasting  forty-five  days.  Typical¬ 
ly,  sustained  operation  has  driven  the  crew  ratios  because 
of  the  high  utilization  rates,  maintenance  ’’catch  up”  from 
surge,  and  tired  aircrews.  Recently,  concern  has  also  been 


increasing  over  peacetime  capability  and  transition  into 


surge.  This  study  will  model  Forty-five  days  of  both  surge 
and  sustained  as  well  as  forty-five  days  of  peacetime  opera¬ 
tion  . 


To  maintain  a  manageable  model,  only  major  factoru  will 
be  addressed.  Air  refueling  will  not  be  addressed  to  reduce 
scenario  complexity  and  because  SAC  support  is  uncertain  at 
this  time.  Secondly,  degradation  due  to  chemical  warfare 
will  not  be  addressed.  Third,  local,  test,  and  ferry 
Flights  will  not  be  included  for  simplicity  and  also  because 
they  did  not  affect  results  of  a  previous  study  Cll:44). 
Finally,  integral  crews  will  be  maintained  to  avoid  a  com¬ 
plex  scheduling  algorithm  on  the  front  end  of  the  model. 
Integral  crews  and  additional  assumptions  associated  with 
the  input  data  will  be  discussed  in  Chapter  II. 

Historical  Background 

flaking  credible  minimum  cast  estimates  of  the  produc¬ 
tivity  of  the  airlift  Force  demands  having  the  minimum 
number  of  aircrews  per  aircraft  Caircrew  ratio)  that  still 
allows  the  mission  to  be  accomplished. 

The  primary  reason  for  minimizing  aircrew  requirements 
is  money.  A  Government  Accounting  Office  report  to  Congress 
illustrates  this  fact: 

A  reduction  of  the  aircrew  ratio  of  3.25:1  to  3:1 
crews  per  aircraft  for  the  C-5,  and  4:1  to  3:1  a- 
board  the  C-141  would  trim  AF  funding  requirements 
by  as  much  as  $105  million  for  the  airlift  Forces 
if  only  active  duty  crews  were  cut  and  $55  million 
if  only  reserve  personnel  were  cut.  C3:4) 


Aircrew  ratios  are  used  not  only  in  the  budgeting 
process,  but  also  in  evaluating  wartime  requirements,  squad¬ 
ron  manning,  crew  welfare,  tolerable  workloads,  and  mission 
effectiveness . 

An  Air  Force-wide  conference  was  held  at  the  Pentagon 
10-SO  March  19B5  to  discuss  the  uses  of  aircrew  ratios,  the 
multitudes  of  approaches  for  determining  these  ratios,  and 
command  responsibilities.  The  conference  concluded  that  the 
aircrew  process  is  a  MAJCOM  responsibility.  They  recommen¬ 
ded  a  detailed  analysis  of  both  wartime  and  peacetime  mis¬ 
sion  taskings  as  a  start.  Then,  with  whatever  methodology 
is  appropriate,  the  commands  should  Justify  the  aircrew 
ratios,  new  or  revised,  in  a  Program  Decision  Package.  Once 
approved,  if  the  validated  ratio  is  to  satisfy  a  wartime 
need,  the  data  is  incorporated  into  the  Wartime  Requirements 
Model  which  studies  a  total  force  engagement.  The  funded 
ratios  are  then  used  to  update  peacetime  rated  requirements, 
manning  levels,  and  budgets.  They  are  published  in  AFR  173- 
13,  US  Air  Force  Cost  and  Planning  Factors  C4) . 

In  1967,  General  Estes,  Commander  Military  Airlift  Com¬ 
mand,  motivated  MAC  to  formally  study  its  aircrew  manning 
far  the  first  time  when  he  stated  that  he  did  not  want  the 
future  C-5’s  capability  to  be  limited  by  aircrews  CIO)  .  It 
was  then  necessary  to  determine  the  minimum  crew  force 
required  to  maximize  the  C-5’s  productivity.  Many  studies 
have  been  completed  since  that  time. 


Lockheed  Corporation  offered  to  accomplish  this  study 
for  the  yet  unreceived  C-5  at  a  cost  of  2.5  to  B.5  million 
dollars.  Opting  for  a  cheaper  alternative,  a  joint  !1AC  / 
System  Program  Office  study  was  begun  in  April  1SS7 .  The 
School  of  Aerospace  fledicine  CUSAFSAh)  became  consultants  on 
the  human  factors  aspects  in  flay  and  ultimately  were  given 
the  entire  project  in  September  CIO).  Among  their  goals  was 
to  optimize  the  crew  manning  ratio,  crew  composition,  and 
crew  management . 

The  first  simulation  model  was  completed  in  196S  and 
modified  in  1974  to  include  isochronal  Ccalendar  based) 
maintenance,  multiple  routes,  and  1973  Yom-Kippur  War  data. 

In  1979,  The  General  Accounting  Office  CGAO)  had  numer¬ 
ous  criticisms.  Among  those  were  surging  longer  than  re¬ 
quired,  unduly  restricting  flying  hours,  ignoring  attrition, 
assuming  staff  duties  during  wartime,  and  not  modeling  tran¬ 
sition  between  phases.  The  accusation  was  that  ’’unrealistic 
information  was  fed  into  the  model”  C3).  Many  improvements 
have  been  incorporated  since  that  time,  but  a  few  deficien¬ 
cies  still  exist:  transition  between  peace  and  surge  and 
between  surge  and  sustained  has  not  been  modeled;  alert 
crews  have  not  been  utilized;  and  enroute  maintenance  has 
not  been  modeled.  In  addition,  since  the  USAFSAn  model  has 
been  revised  so  many  times,  the  documentation  is  incomplete 
in  some  cases  and  voluminous  in  others.  In  fact,  in  June 
1985,  Studies  and  Analysis  was  unsuccessful  in  attempts  to 


fully  understand  and  use  the  USAFSAM  model  in-house  at  the 
Pentagon  C24) . 

Other  studies  have  been  completed.  The  ”TAC  Flier” 
model  CTAC’s  counterpart  in  crew  ratio  determination)  is 
under  revision  at  this  time.  However,  because  of  the  diver¬ 
gence  of  missions  between  TAC  and  MAC,  it  is  unusable.  For 
instance,  in  TAC  all  sorties  return  to  the  launching  base, 
and  in  MAC  the  aircraft  may  not  return  for  two  to  three 
weeks.  The  obvious  place  to  look  for  a  workable  model  is 
the  commercial  airlines  whose  missions  are  somewhat  akin  to 
MAG’s.  Unfortunately,  the  airlines  contacted  were  reluctant 
to  divulge  proprietary  information. 

Analytic  studies  have  been  accomplished.  Robert  L. 
Stawell  published  an  analytic  method  in  19B0  that  depends 
heavily  on  simulation  output  C23) .  The  Center  for  Cyber¬ 
netic  Studies  at  the  University  of  Texas  attacked  the  mis¬ 
sion  planning  and  scheduling  problems.  Their  algorithm 
starts  with  a  solution  to  a  linear  programming  problem  of 
scheduling  aircraft  and  then  uses  Bender’s  decomposition 
technique  for  the  assignment  oF  crews  to  the  Flight  legs 
Cl: 7, 13).  They  also  showed  the  relationship  between  minimi¬ 
zing  total  completion  time  and  its  dual,  a  transhipment 
problem,  that  can  be  solved  as  a  network  C1:S).  In  1966,  a 
MAC  crew  ratio  (MACRO)  study  group  was  formed  to  determine 
the  appropriate  aircrew  ratios  for  MAC  airlift.  The  end 
result  was  a  set  of  regression  equations  with  two 


independent  variables  each  depending  cn  the  known  quanti¬ 
ties.  The  equations  are  still  in  use  today  For  aircrew 
activity  planning  (13:44).  Another  result  of  this  study 
group  was  Eq  Cl)  for  a  quick  guess  crew  ratio.  It  is  still 
in  use  at  HQ  MAC  plans. 

CR  _  C45  days  x  surge  PUR)  +  C45  days  x  sustained  PUR) 

Cavg.  90  day  flying  time)  x  Cpercent  available) 

The  results  of  the  Cybernetic  3tudy  were  accurate  for 
small  problems,  and  the  MACRO  equation  gives  a  lower  bound 
on  the  crew  ratio.  However,  practical  airlift  problems  have 
given  rise  to  a  ’’mixed  integer  programming  problem  with 
about  32000  constraints,  35000  linear  variables  C including 
logicals)  and  10000  zero-one  variables”  (1:6).  Because  of 
the  dynamic  nature  of  the  airlift  system  and  the  Bxtremely 
large  dimensions  of  an  analytic  model,  simulation  will  be 
the  general  technique  applied  in  this  study. 

Overview 

The  remainder  of  this  thesis  consists  of  four  chapters. 
Chapter  II  describes  the  simulation  model,  its  input  data, 
and  inherent  assumptions.  Chapter  III  contains  the  method¬ 
ology.  The  experimental  design,  major  factors,  factor 
screening,  measures  of  effectiveness,  scenarios,  and  verifi- 
cation/val idatian  are  discussed.  Chapter  IU  describes  the 
results.  Included  are  the  statistical  results  of  Analysis 
of  Variance,  regression  results,  and  sensitivity  analysis. 


1 1  .  Model 


The  purpose  of  this  chapter  is  to  explain  houi  aircraft 
and  aircrews  are  modeled  as  they  flow  through  the  airlift 
system.  The  first  section  of  the  chapter  briefly  describes 
the  SLAM  simulation  language.  The  second  section  gives  a 
narrative  description  of  the  model  and  describes  the  inter¬ 
action  of  the  FORTRAN  and  SLAM  network  sections  of  the 
model.  The  third  section  discusses  the  input  data,  its 
sources,  and  the  assumptions  made  when  applying  it.  The 
final  section  then  describes  the  output  of  the  model. 

SLAP.  Background 

Rather  than  presenting  a  detailed  description  of  SLAM, 
this  section  provides  a  simplified  description  of  the  lan¬ 
guage  that  is  necessary  for  understanding  the  development  of 
the  crew  ratio  model.  Further  detail  on  SLAM  can  be  Found 
in  Pritsker  (20)  and  Banks  and  Carson  (2) . 

SLAM  is  a  special  purpose  FORTRAN-based  simulation 
language  which  allows  an  event-scheduling  and/or  a  process- 
interaction  orientation  toward  modeling  (2:93).  The  type  of 
orientation  used  depends  on  the  level  of  complexity  needed 
and  the  extent  to  which  the  model  will  have  to  be  embel¬ 
lished  far  future  uses. 

The  event  scheduling  orientation  concentrates  on  events 
and  haw  they  affect  the  states  of  the  system.  It  uses  a  FOR¬ 
TRAN  model  to  schedule  events  to  occur  at  predetermined  times 


The  process-interaction  approach  concentrates  on  enti¬ 
ties  and  the  sequence  of  events  and  activities  they  undergo 
as  they  flow  through  the  system.  The  processes  are  repre¬ 
sented  by  the  nodes  and  branches  of  a  network . 

The  interaction  of  the  FORTRAN  and  network  models 
allows  events  to  alter  the  flow  of  entities  in  the  network 
and  also  allows  entities  in  the  network  to  initiate  events 
in  the  FORTRAN  model . 

Narrative  Description 

The  model  developed  in  this  research  is  a  discrete- 
event  network  simulation  employing  both  orientations  (event¬ 
scheduling  and  process-interaction)  to  model  a  portion  of 
the  riAC  airlift  system.  Fig.  S.l  shows  the  basic  flow 
through  the  network  as  well  as  how  the  crews,  missions,  and 
aircraft  are  integrated. 

The  SLAN  network  consists  of  eight  major  sections: 
initialization,  mission  generation,  crew  rest,  preflight, 
mission  sortie,  enroute  stop,  postmission,  and  scheduled 
maintenance.  In  addition,  some  events  are  more  conveniently 
handled  with  FORTRAN  interaction.  Examples  of  these  events 
include  contingency  phase  changes  from  peace  to  surge  and 
surge  to  sustained,  alert  crew  regeneration,  and  mission 
cancellation.  Appendix  A  shows  a  more  detailed  flow  of 
crews  and  missions  (entities)  and  aircraft  (resources) 


through  the  system.  Appendices  B  and  C  contain  the  SLAtl  and 
FORTRAN  cade  respectively.  Each  subsection  is  described 


rs  r, 


below  Followed  by  a  description  of  the  input  data  and  in¬ 


herent  assumptions.  The  time  increment  in  the  model  is 
hours . 

SLAn  Network  . 

Initialization .  In  the  initialization  section  of 
the  SLAM  model,  the  user  defines: 

1.  Staging  policy 

2.  30/90  day  flying  time  limits 

3.  Launch  reliabilities 

4.  Percent  of  assigned  crews  that  are  mission  capable 
and  available 

5.  Ratio  of  crews  to  aircraft 

6.  Number  of  crews  initially  available 

7.  Peacetime  maximum  ramp  time  before  reentering  crew 
rest 

S.  Length  of  time  within  which  a  crew  may  be  alerted 
without  requiring  additional  crBw  rest 

9.  Number  of  hours  after  which  a  scheduled  mission  is 
cancelled  if  no  crew  or  aircraft  is  available 


These  parameters  will  be  described  in  detail  later  in  this 
chapter . 

Scenario  data  is  input  through  an  external  file, 

’’ROUTE”.  This  file  encompasses  routing,  scheduled  flight 
times,  scheduled  ground  times,  whether  a  base  is  a  staging 
location,  and  target  utilization  rates  for  peace,  surge,  and 
sustained  operations.  Appendix  D  shows  the  format  for  this 
data  file. 

After  the  scenario  is  established,  the  aircraft  are 
created,  the  crews  are  created,  and  identification  numbers 
are  assigned  to  each  crew.  One  crew  is  put  in  BRAUO  alert 
status  Ci.e.  an  telephone  alert  and  capable  of  launch  in 
three  hours 3 .  Incidentally,  MAC’S  utilization  of  BRAUO 


creuis  is  uncertain  for  contingency  operations.  Quite  poss¬ 
ibly  all  crews  will  be  on  telephone  alert,  but  using  one 
crew  here  is  sufficient  to  model  the  effect  desired. 

Accrued  flying  time  is  then  tested  and  if  a  crew  is  within 
twenty  hours  of  its  monthly  or  quarterly  flying  time  limits, 
it  is  delayed  twelve  hours  and  placed  at  the  end  of  the  crew 
pool.  If  a  crew  has  exceeded  either  of  these  two  limits,  it 
is  delayed  twenty-four  hours.  These  rules  do  not  force  low 
time  crews  to  be  scheduled  first,  but  it  does  preempt  high 
time  crews. 


Hission  Generation .  Missions  are  generated  at  a 
rate  commensurate  with  the  target  utilization  rate.  For 
example,  if  the  peacetime  target  rate  is  3.5  and  the  expec¬ 
ted  flying  time  for  a  mission  is  19.1572  hours  (from  the 
scenario),  a  mission  would  be  generated  every  4.3B1  hours  as 
shown  in  Eq  C2)  . 

3150  hrs .  •  19.1572  hrs . 


mo  . 


msn  . 

154 . 343  msns . 


“  154.343  msns. /mo 

1  msn  . 


(  2 ) 


720  hrs  .  X  hrs . 

X  -  4.3B1  hrs. 


These  missions  are  assigned  a  mission  number  and  are  either 
passed  to  a  mission  pool  to  wait  for  a  crew  or  cancelled  if 
there  are  no  aircraft  on  station  or  projected  inbound. 

Crew  Rest .  When  a  crew  and  mission  are  matched, 


the  crew  enters  predeparture  crew  rest  and  waits  for  an 
aircraft.  Predeparture  crew  rest  is  normally  twenty-four 


hours  waiverable  to  twelve.  Since  schedulers  usually  have 
enough  notice  to  put  the  creui  into  crew  rest  earlier,  this 
model  will  observe  only  the  inviolate  twelve  hours.  The 
crew  is  allowed  one  hour  travel  time  to  the  base  once  the 
crew,  aircraft,  and  mission  are  matched  together. 

Pref light .  Preflight  (ground)  time  (normally  2.3 
hours)  is  distributed  as  depicted  in  TABLE  2.2  and  will  be 
discussed  later  in  this  chapter.  Probabilities  of  an  on- 
time  launch,  delayed  launch  or  rescheduled  launch  (launch 
reliabilities)  are  as  specified  in  the  initialization  sec¬ 
tion  of  the  model  . 

Mission  Sortie .  During  the  flight  portion,  the 
next  leg  is  looked  at  to  ensure  duty  day  limits  will  not  be 
broken.  If  the  basic  sixteen  hour  duty  day  would  be  ex¬ 
ceeded,  the  crew  reenters  crew  rest  and  subroutine  'Cancel’ 
is  initiated  (the  FORTRAN  subroutines  will  be  defined 
later).  The  actual  flying  time  is  distributed  with  a  trian¬ 
gular  distribution  from  one-half  hour  early  to  one  hour 
late.  This  variation  will  account  for  wind  changes,  traffic 
control  delays,  diversions,  etc.  At  the  end  of  each  sortie, 
flying  time  is  updated  and  the  average  achieved  utilization 
rate  over  that  phase  of  the  conflict  is  computed. 

Enroute  Stops .  At  an  enroute  stop,  unless  it  is  a 
scheduled  staging  location,  a  throughf 1 1 ght  is  accomplished 
taking  approximately  2.3  hours,  and  the  flying  phase  is 
entered  again.  If  the  mission  is  at  a  staging  location, 


duty  day  and  interarrival  statistics  are  compiled  and  the 
mission  is  routed  to  the  appropriate  stage  base  subprogram. 
An  identical  (except  for  statement  labels  and  queue  numbers) 
subprogram  exists  for  each  enroute  stop  in  the  model  .  The 
aircraft  and  mission  are  assigned  to  the  next  available 
crew,  and  the  previous  crew  enters  crew  rest  and  subsequent¬ 
ly  enters  the  available  pool.  If  a  crew  exceeds  its  30/90 
day  flying  time  limits,  that  crew  is  transported  (dead¬ 
headed)  home  (after  a  minimum  crew  rest)  taking  approxi¬ 
mately  twenty-four  hours.  Enroute  station  preflight  times 
and  launch  reliabilities  are  obtained  in  a  similar  manner  as 
those  at  home  station. 

Postmission .  If  the  next  station  is  the  home 
base,  statistics  are  collected  on  mission  lengths,  time  away 
from  station,  average  work  month,  and  average  monthly  flying 
hours.  Unscheduled  maintenance  is  performed  (normally  dis¬ 
tributed  with  a  mean  of  six  hours)  and  if  scheduled  main¬ 
tenance  is  not  required,  the  aircraft  is  freed  for  the  next 
mission . 

Scheduled  Ha i ntenance .  Scheduled  maintenance  for 
the  C-17  will  include  two  days  down  every  sixty  days  for  a 
homestatian  check,  ten  days  down  every  eighteen  months  for 
refurbishment,  and  thirty  days  down  every  thirty-six  months 
for  an  Analytic  Condition  Inspection  CA.C.I.)  (21:3).  HAC 
has  stated  that  A.C.I.  and  refurbishment  will  not  be  accom¬ 
plished  during  surge. 


The  aircraft  are  removed  For  scheduled  maintenance  only 
at  home  station  at  the  completion  of  a  mission.  The  fre¬ 
quency  at  which  an  aircraft  is  removed  is  dependent  on  the 
number  of  aircraft: 

Homestation:  BO  days  x  E4  hrs/NACFT 
Refurbishment:  547 . BE  hrs  C18  mas)  x  E4  hrs/NACFT 
A.C.I.:  1055. B4  hrs  C36  mos)  x  54  hrs/NACFT 
FORTRAN  Events  . 

Brava .  Anytime  a  mission  is  being  rescheduled  at 
home  station,  a  check  is  made  to  see  if  a  BRA UO  -rt  crew 

is  available.  If  so,  the  new  crew  is  matched  with  the 
mission  and  ’Upbrav’  is  called  to  regt  lerate  the  alert  crew. 

Cancel .  Every  hour  the  mission  pool  is  checked. 

If  a  mission  has  been  scheduled  for  more  than  twelve  hours 
(specified  by  user)  and  is  still  lacking  a  crew  or  aircraft, 
that  mission  is  removed  from  the  pod  and  cancelled. 

riiduo .  Every  twenty-four  hours,  the  index  is 
incremented  far  accumulating  flying  time.  Since  the  model 
is  concerned  with  quarterly  Flying  time,  the  index  resets  to 
one  after  ninety-one.  Additionally,  if  no  flying  time  is 
flown  in  a  particular  day,  the  previous  day’s  total  is 
carried  forward. 

Mission  .  When  a  mission  is  generated,  it  is 
assigned  a  mission  number  based  on  its  Frequency  of  usage 
during  the  particular  phase  of  conflict. 


Next .  ’Next’  determines  a  new  sortie’s  destina¬ 
tion,  scheduled  air  time,  scheduled  ground  time,  and  whether 
the  next  stop  is  a  staging  location. 

Staaecr ■  At  the  beginning  of  each  phase  (peace, 
surge,  and  sustained),  stage  crews  are  either  positioned  to 
or  removed  from  staging  locations.  These  crews  are  used  to 
pick  up  an  aircraft  and  mission  when  they  transit  that  base 
allowing  the  previous  crew  to  enter  crew  rest.  The  total 
number  at  each  base  is  based  on  the  number  of  missions 
projected  to  transit  that  location  in  a  month.  It  is  equal 
to : 

"y  '(Route  freq.  x  hr3  -Per  —  3tage  factor)  (3) 

/  msn  exp.  fly  time  “  ) 

Once  again,  MAC  does  not  have  a  definite  staging  ’’policy” 
(17).  This  technique  (based  on  mission  transits)  was  used 
in  the  USAFSAN  model  and  appears  adequate. 

Surge .  As  surge  is  entered,  missions  are  gen¬ 
erated  at  a  higher  rate  and  the  remainder  of  the  reserve 
complement  is  added.  HAC  assumes  that  a  full  reserve  com¬ 
plement  Ccrew  ratio  equal  to  that  of  active  duty)  will  be 
available  during  surge  and  sustained  operations  whereas  only 
half  is  available  during  peacetime.  (24)  In  addition, 
scheduled  maintenance  is  cancelled  and  crew  work  rules  are 
changed.  Specifically,  maximum  ramp  times  and  alert  windows 
are  extended  to  twelve  hours,  and  post  mission  crew  rest  is 


reduced  to  twelve  hours. 


Sustain .  After  forty-five  days  of  surge,  normal 
work  rules  and  scheduled  maintenance  are  resumed.  flission 


frequency  is  also  updated  based  on  the  utilization  rates 
desired  for  the  next  forty-five  days. 

Uobrav .  Every  forty-eight  hours,  or  when  a  BRAUO 
crew  is  utilized,  a  new  BRAUO  crew  must  be  generated.  If  no 
crews  are  available,  the  next  available  crew  assumes  the 
duty  after  twelve  hours  of  crew  rest. 

Upf Itm .  At  the  end  of  each  duty  day,  monthly  and 
quarterly  flying  times  are  updated. 

Warmup .  The  simulation  is  assumed  to  reach 
staady-state  after  600  hours.  At  that  time,  flying  time, 
duty  time,  and  time  away  from  station  are  reinitiated  to  zero 
to  force  the  statistics  to  apply  only  to  the  current  phase 
of  conflict.  UJarmup  is  discussed  further  in  Chapter  III. 

Window .  Every  hour,  all  crew  pools  Cat  home  and 
enroute)  are  checked  for  the  length  of  time  they  have  been 
legal  for  alert.  If  this  user  specified  limit  is  exceeded, 
the  crew  reenters  crew  rest  and  the  mission  goes  to  the  next 
available  crew. 

I nput  Data  and  Assumptions 

Previous  models  of  this  type  have  became  so  complicated 
that  they  are  virtually  unintelligible.  To  help  reduce  the 
complexity  of  this  model,  many  assumptions  have  been  made  at 
the  outset.  Factors  shown  previously  to  be  of  little  impor¬ 
tance  are  omitted  or  aggregated.  Historical  C-141 


experience  was  used  with  adjustments  for  a  C-17  contingency 
environment.  Note,  however,  that  the  computer  code  can  be 
modified  if  future  analysis  suggests  revision.  In  other 
words,  initiating  the  model  with  different  input  values  is 
easy  in  the  initiation  section  of  the  SLAM  portion,  whereas 
a  change  in  logic  would  require  computer  code  revision. 

A  major  assumption  has  to  do  with  diversions.  All 
missions  will  start  and  terminate  at  their  home  bases. 
Diversions  and  their  subsequent  rescheduling  are  difficult 
to  plan  for  and  model  accurately.  Their  effect  overall 
(except  possibly  some  inefficiency)  should  average  out  as 
the  cargo  has  the  same  ultimate  destination. 

Another  parameter,  attrition,  will  not  be  modeled. 
Traditionally,  it  has  not  been  modeled  in  riAC  studies 
because  it  is  assumed  that  it  will  only  affect  Backup  Inven¬ 
tory  Aircraft  (BIA)  and  not  impact  the  Primary  Assigned 
Aircraft  (PAA)  (22) .  In  addition,  losing  a  PAA  aircraft 
improves  the  crew  ratio  unless  replaced  with  a  BIA.  The 
system  would  then  have  mare  aircrews  per  aircraft  to  accom¬ 
plish  the  same  mission.  Thus,  the  assumption  is  a  conserva¬ 
tive  one. 

Augmented  crews  (additional  crewmembers  added  to  a  crew 
For  air  refueling  or  to  lengthen  the  crew  duty  day)  will  not 
be  considered.  This  is  necessary  in  order  to  maintain  an 
integral  crew  as  an  entity.  Integral  crews  are  not  used  in 
MAC,  but  treating  them  that  way  allows  for  easier 


bookkeeping  and  a  way  to  aggregate  many  schedule  related 
parameters  such  as  illnesses  and  emergency  leave  C incor¬ 
porated  in  percent  of  crews  available) .  This  assumption 
should  have  little  effect  as  augmented  crews  put  an  addi¬ 
tional  resource  requirement  an  schedulers,  and  this  extra 
burden  would  bB  offset  with  the  added  scheduling  flexibility 
of  non-integral  crews.  It  is  also  a  reasonable  assumption 
since  crews  are  generally  not  split  up  once  they  leave 
homestation,  and  quite  often  crews  are  rescheduled  together 
during  heavy  flying  activity. 

In  this  model,  peacetime  is  treated  the  same  as  wartime 
in  many  respects.  MACR  SB-2  states  that  no  formal  training 
will  be  conducted  during  contingencies  (7:12),  and  ordinary 
leave  will  be  suspended  at  least  through  the  third  month  of 
a  general  war  (7:33).  Obviously,  during  peacetime  these  two 
factors  play  a  role  but  the  benefits  gained  by  adding  the 
scheduling  algorithm  alluded  to  early  in  this  chapter  are 
not  worth  the  costs  of  the  additional  run  time.  Also,  thus 
far  at  the  Air  Staff,  peacetime  capability  is  not  as  impor¬ 
tant  as  the  transition  from  peacetime  to  surge.  The  impor¬ 
tant  thing  is  that  the  drivers  of  MAC’S  capability  (surge 
and  sustained)  are  not  affected  by  the  peacetime  simplifi¬ 
cation  . 

HQ  MAC  and  MAC  Numbered  Air  Forces  have  waiver  authori¬ 


ty  over  many  aircrew  restrictions  such  as  length  of  crew 
rest,  flying  time  limits,  duty  day  limits,  etc.  (6:4-1). 


This  model  mill  be  capable  of  addressing  these  waivers,  but 
the  only  ones  that  will  specifically  be  addressed  in  the 
analyses  are  the  30  and  90  day  flying  time  limits. 

Engine  running  on/offloads  CERD’s)  will  not  be  con¬ 
sidered  directly.  Their  reduced  ground  times  would  defin¬ 
itely  impact  the  model  output,  but  a  definite  MAC  policy 
does  not  exist  for  their  utilization.  Scheduled  ground  time 
will  be  varied  in  the  model  which  will  measure  the  effect  of 
the  reduced  ground  time. 

All  missions  are  assumed  to  have  the  same  priority.  In 
peacetime,  this  is  definitely  not  the  case.  For  instance, 
nuclear  airlift  missions  and  Bxercise  missions  have  priority 
over  static  displays.  But  during  wartime,  it  is  realistic 
to  assume  approximately  equal  priority  for  all  missions. 

Input  data  carries  with  it  many  of  these  assumptions. 

It  falls  into  two  categories,  crew  related  and  system  re¬ 
lated.  Some  are  stochastic,  and  others  are  set  by  policy. 
TABLES  E.l  and  2.2  below  summarize  the  data  and  its  origin 
(excluding  the  experimental  factors  which  will  be  covered  in 
detail  in  the  next  chapter)  .  Lack  of  a  source  indicates 
that  the  value  is  based  on  personal  experience. 

flkjtfflyt 

Appendix  E  contains  excerpts  of  the  output  generated  by 
this  simulation.  Four  measures  of  effectiveness  will  be 
discussed  in  the  next  chapter:  achieved  aircraft  utiliza¬ 
tion,  average  work  month,  average  monthly  flying  hours,  and 
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Creiu  Related  Characteristics 


Parameter 

Ualue 

Sourc 

IS. 

Alert  Window 

Peace:  6  hrs. 

MACR 
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Surge  &  sustained: 

IE  hrs. 

Predeparture  Rest 
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Crew  Duty  Day 

16  hrs. 
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IS  hrs  . 
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Sched  .  flaintenance 

Max.  Resched .  Delay 

Ground  Time  Can-time) 
Ground  Time  (delay) 
Ground  Time  (End  crew) 
Enroute  Gnd  (on-time) 
Enroute  Gnd  Cdelay) 
Ground  Time  (resched) 

MX  After  Cancel 

Number  Aircraft 
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System  Related  Characteristics 


Ualue 
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time  aujay  From  station.  In  table  and  graphical  Format, 
these  measures  are  compiled  every  Five  days  For  the  peace¬ 
time,  surge,  and  sustained  phases.  This  makes  trend 
analysis  very  easy . 

Besides  the  primary  nOE’s,  statistics  are  gathered  on 
the  number  oF  crews  at  home  station,  number  oF  mission 
capable  aircraFt,  duty  days,  mission  lengths,  overall  Flying 
times,  cancellations,  and  anroute  station  interarrival 
times.  In  addition,  statistics  are  generated  For  every 
queue  (File),  activity,  and  type  oF  resource  in  the  model. 

Not  all  oF  these  statistics  are  used  in  this  analysis, 
but  the  advantage  oF  having  them  all  printed  out  is  their 
availability  Far  any  ’’aFter  the  Fact”  analysis  that  may  be 
requested  by  the  users.  They  also  serve  a  valuable  purpose 
in  model  validation  (discussed  in  Chapter  III). 


III. 


This  chapter  discusses  the  tactics  and  strategy  Fol¬ 
lowed  in  running  the  simulation  model.  The  objective  is  to 
answer  the  last  of  the  research  questions:  What  input 
parameters  need  to  be  considered  m  determining  aircrew 
ratios'?  In  answering  this  question  the  model  validity  will 
be  established  as  well  as  its  best  use.  Included  in  the 
chapter  is  a  discussion  of  the  warmup  period,  the  experimen¬ 
tal  factors,  the  primary  measures  of  effectiveness,  model 
val idation/ver if ication ,  and  the  experimental  design. 

W.3,nnu.B,  and  Phase  Transition 

Pilot  simulation  runs  indicated  that  it  took  approxi¬ 
mately  six  hundred  hours  For  the  aircrew  distribution, 
utilization  rates,  etc.  to  stabilize.  Therefore,  a  warmup 
period  of  six  hundred  hours  is  added  to  the  front  end  of  the 
simulation  to  reach  steady  state. 

Surge  and  sustained  operations  never  reach  steady 
state,  which  is  typical  of  short  real  world  conflicts.  This 
transition  period  is  a  very  complex  issue. 

The  inherent  variables  pose  questions  such  as:  does 
warning  time  permit  gradual  buildup  or  require  a  prompt 
response;  are  we  in  a  normal  peacetime  operation,  stan¬ 
ding  down  in  preparation,  or  operating  at  a  higher  than 
normal  level;  are  reserves  mobilized  at  once  or  only  af¬ 
ter  the  situation  worsens,  and  how  many  days  does  it  take 
to  make  the  decision  to  mobilize?  (Response  to  GOA)  (17) 

The  model  developed  in  this  research  balances  these  issues. 

Stage  crews  are  positioned  instantaneously  simulating 
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strategic  warning  and  time  to  build  up.  Reserves  are  mobi¬ 
lized  at  the  beginning  of  surge;  and  at  the  same  time, 
activity  rate  is  increased . 

Experimental  Factors 

Anyone  with  knowledge  of  MAC’S  worldwide  airlift  system 
could  list  hundreds  of  factors  that  could  influence  the 
number  of  crews  required  to  accomplish  the  mission.  Reduc¬ 
ing  this  list  of  factors  to  the  most  significant  ones  re¬ 
sults  in  a  simpler  model .  A  simpler  model  is  less  expensive 
and  allows  for  a  more  thorough  analysis  of  the  most  signifi¬ 
cant  factors.  It  requires  fewer  inputs,  is  easier  to  docu¬ 
ment  and  interpret,  and  facilitates  transfer  from  one  compu¬ 
ter  to  another  or  incorporation  into  a  larger  system. 

Based  primarily  an  personal  experience,  eight  Factors 
are  investigated  in  the  experimental  design.  Other  factors 
in  the  model  are  assumed  either  to  be  less  subject  to  change 
or  are  such  that  changes  in  them  would  not  significantly 
alter  the  Final  results.  The  eight  Factors  are  discussed 
below  and  summarized  in  TABLE  3.1. 

a)  Staging  Pol icu  .  Staging  policy  is  based  upon  the 
number  of  staging  transits  of  a  base.  A  MAC  policy  does  not 
exist  for  staging  its  aircrews,  however  the  USAFSAM  study 
indicated  that  staging  policy  was  a  significant  factor  with 
the  optimal  near  45  Ci.e.,  stage  a  crew  for  every  45  tran¬ 


sits  in  a  month)  . 


TABLE  3.1 


Experimental  Factors 


Factor 

Range 

a) 

Staging  Policy 

30  to  60 

b) 

30/90  Day  Fly  Limits 

125/330  to  150/450 

c) 

Target  Uts .  Rates 

3.5/15.1/13.4  to 

(peace/surge/sustained) 

4.5/16 .1/14.4 

d) 

Percent  oF  Crews  Available 

.90  to  .90 

e) 

Crew  Ratio 

4.0  to  5.0 

F) 

Launch  Reliability 

.949/ .044/ .009  to 

(on- time /del ay /reschedule) 

.955/ .044/ .001 

9  3 

Ground  Time 

2.1  to  2.3 

h) 

Scenario 

NATO  to  S.U.  Asia 

b)  Hcnthlu  and  Quarteriu  Fluing  Time  Limits .  During 
periods  of  heavy  Flying,  the  monthly  and  quarterly  Flying 
time  limits  are  oFten  scheduling  limitations.  USAF/SA  is 
presently  studying  a  proposed  change  to  AFR  BO-1,  changing 
the  present  limits  oF  1E5/330  to  150/450  hours  per  month  and 
quarter  respectively  (24). 

c)  Target  AircraF t  Utilization  Rates .  L.K. 
ncSemann,II,  Acting  Assistant  Secretary  oF  the  Air  Force  For 
Research,  Development,  and  Logistics,  has  directed  the  Air 
Farce  to  use  the  design  utilization  rates  oF  13.9  hours  per 
day  sustained  and  15.6  hours  per  day  surge  For  all  systems 
comparisons  (21:2).  This  study  uiill  vary  these  numbers  by 
0.5  hours  on  either  side.  The  4.0  peacetime  rate  was  sugges 
ted  by  Studies  and  Analysis  (24). 


d)  Percent  of  Crews  Available .  HQ  I1AC  uses  a  .30  crew 
mission  capable  rate  Cper  manpower  directives)  for  mast 
studies  (22) .  Considering  essential  wartime  additional 
duties  and  crew  management  inefficiencies,  this  value  will 
be  ranged  between  .00  and  .30.  It  will  take  into  account 
crewmembers  in  pipeline  training,  sick,  on  emergency  leave, 
or  committed  to  other  duties. 

e)  Crew  Ratio .  The  ratio  of  assigned  crews  to  each 

aircraft  will  range  from  4.0  to  5.0.  4.0  is  the  current 

ratio  for  C-141  crews.  5.0  is  the  proposed  C-17  ratio 
needed  to  fill  our  airlift  shortfall.  Realistically,  the 
required  ratio  will  fall  somewhere  in-between. 

f)  Launch  Reliability  .  Analyzing  two  years  of  C-141 
data  gives  an  average  on-time  CO. 2  hrs .  before  scheduled  to 
0.3  hrs.  after)  departure  reliability  of  0.340  at  home  and 
0.355  enroute,  with  the  probabilities  of  having  to  be  re¬ 
scheduled  equal  to  0,006  and  0.001  respectively  (12).  These 
figures  include  local  training  flights  which  this  model 
ignores.  Also,  even  though  maintenance  reliability  for  the 
C-17  should  be  greater,  supply,  refueling,  passenger  pro¬ 
cessing,  etc.  will  hold  the  rates  down.  It  should  be  noted 
that  a  pilot  run  showed  significance  in  this  small  range. 

g)  Ground  Time .  Scheduled  ground  time  for  C-141 's  and 
C-17’s  is  2.3  hours.  Frequently,  this  time  can  be  shortened 
in  high  threat  areas  with  engine  running  on/offloads,  etc. 
This  screening  will  consider  an  average  between  8.1  and  E.3. 


hD  Scenarios .  Scenarios  were  suggested  by  USAF/SAGM . 
Pilot  runs  of  multiple  home  base  scenarios  do  not  warrant 
using  the  expanded  model  For  analysis.  For  the  user’s 
interest,  Appendices  F  and  G  contain  a  workable  multiple 
home  base  model.  Asterisks  indicate  differences  from  the 
single  base  model.  The  screening  will  use  two  scenarios, 
one  S.Ul.  Asia  and  one  NATO,  each  with  a  single  home  base 
(See  Appendix  HD  . 


Pleasures  of  Effectiveness 

Since  the  ratio  of  crews  to  aircraft  is  an  input  to  the 
simulation,  it  would  be  nice  to  have  the  output  portray  a 
crew  related  statistic,  a  mission  related  statistic,  and  an 
aircraft  related  statistic.  Achieved  utilization  rates 
CAURD  of  aircraft,  average  flying  hours  per  month,  and 
mission  cancellations  are  all  useful,  quantifiable  measures. 

Target  utilization  rates  CTURD  are  inputs  to  the  model; 
so  instead  of  analyzing  Just  AUR,  it  must  be  analyzed  with 
respect  to  the  programmed  target  rates.  Utilization  rates 
will  be  measured  at  the  end  of  each  phase  and  will  be  the 
average  of  only  that  phase. 

Average  flying  hours  per  month  will  also  be  measured 
for  each  phase.  An  alternative  measure  here  could  be  the 
work  hours  per  month  since  it  is  a  common  manpower  measure. 

The  number  of  missions  cancelled  due  to  no  aircraft  or 
crew,  to  be  consistent,  will  also  be  measured  at  the  end  of 
each  phase . 
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Model  Uenf  ication  and  Ual  idation 

Credibility  is  of  utmost  importance  For  a  model  to  be 
considered  for  implementation.  IF  the  model’s  asumptions 
and  logic  are  valid  and  the  results  have  been  veriFied,  this 
credibility  is  guaranteed. 

Ualidation  mill  be  somewhat  diFFicult  since  the  C-17  is 
not  yet  operational  and  wartime  scenarios  are  not  oFten  tested 
operationally.  However,  the  trends  discovered  during  the 
analysis  closely  resemble  the  results  oF  the  LJSAFSAM  study 
completed  earlier  this  summer.  For  example,  the  reacetime 
achieved  utilization  rate  (steady  state)  was  within  ,S  hours 
oF  their  results.  The  USAFSAM  model  measured  steady  state 
utilization  rates  between  11  and  15.5  hours  during  the  surge 
phase  and  between  11  and  14  hours  during  the  sustained  phase. 
For  the  same  target  rates,  this  study  Found  average  rates  oF 
approximately  10  and  S  hours  surge  and  sustained  respective¬ 
ly  .  The  lower  rates  are  due  to  measuring  an  overall  average 
For  the  phase  rather  than  a  steady  state  average,  sacriFi- 
cing  some  statistical  robustness.  An  overall  average  seems 
mare  appropriate  as  realwarld  mission  Flow  change  during  a 
phase  and  steady  state  is  seldom  reached.  The  lack  oF 
disparities  between  the  models,  in  a  sense,  validates  both 
models.  In  addition,  Maj  UJayne  Stanberry,  HQ  FIAC/XPSR,  who 
has  extensive  experience  both  in  SLAM  simulations  and  model¬ 
ing  the  MAC  airliFt  system,  critically  reviewed  the  model, 
its  assumptions,  and  results  For  Face  validity. 


The  logic  has  been  verified  primarily  through  periodic 


Flow  charting,  concurrent  debugging  during  the  programming, 
pilot  runs,  and  a  SLAM  TRACE  option  tracing  missions,  crews, 
and  aircraft  through  the  system.  Assessing  the  reasonable¬ 
ness  of  output  also  helps  verify  the  model.  Partially 
mission  capable  (PMC)  rate  for  the  C-17  is  guaranteed  to  be 
at  least  BE. (El).  PMC  in  this  simulation  refers  to  any 
aircraft  not  in  a  preflight  status  or  scheduled  maintenance. 
The  mean  PMC  rate  through  surge  for  the  64  initial  screening 
runs  was  7B.EE3^.  If  the  PMC  aircraft  in  a  preflight  status 
were  added,  the  numbers  would  be  very  close.  Finally, 
consistency  of  the  output  was  examined  both  over  the  ranges 
of  interest  and  at  extreme  values  to  stress  the  system  and 
check  far  reasonableness. 

Design 

The  goal  in  the  design  phase  is  to  investigate  the  rela¬ 
tionships  between  the  independent  variables  (factors)  and  the 
response  (simulation  output),  determining,  if  possible, 
which  factors  exert  the  greatest  effect  on  the  response,  and 
the  extent  of  interaction  between  or  among  the  factors.  In 
the  screening  experiments,  only  two  levels  of  each  Factor 
are  investigated.  These  levels  should  be  ’’far  enough  apart 
to  measure  anticipated  effects,  but  not  so  Far  as  to  cause 
nonl ineanties  in  the  functional  relationship  to  distort  or 
mask  significant  eFFects  (15:34B)”.  This  analysis  will  use 
the  extreme  values  of  the  Factors  listed  in  TABLE  3.1. 


TABLE  3.2 
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Replication  of  B  Factors  C9:22} 


Cl} 

cdgh 

abcg 

abdh 

bdef  h 

beef  g 

aedef  gh 

aef 

abcf  gh 

abdf 

fh 

cdf  g 

aedeg 

aeh 

bde 

bcegh 

bcdeg 

beh 

ade 

acegh 

cfgh 

df 

abf  h 

abedfg 

adef  h 

acef  g 

bcdef  gh 

bef 

ab 

abedgh 

eg 

dh 

efgh 

cdef 

abcef h 

abdefg 

bdg 

bch 

acd 

agh 

abce 

abdegh 

eg 

edeh 

aedf  h 

af  g 

bdfgh 

bef 

bcdf  h 

bfg 

adf  gh 

acf 

ce 

degh 

abeg 

abedeh 

adg 

ach 

bed 

bgh 

abef  gh 

abedef 

cef  h 

defg 

It  is  difficult  to  account  For  aliases  in  a  Resolution 
III  or  IU  (some  or  all  tuio  factor  interactions  confounded} 
design  because  interactions  that  can  be  ignored  are  not 
obvious.  Initial  screening,  therefore,  uill  assume  three 
factor  and  higher  interactions  to  be  negligible  and  uill  use 

0_g  g 

a  2  or  1/4  replication  of  a  2  factorial  to  analyze  all 
main  factor  effects  and  all  tuo  uay  interactions.  This 
reduces  the  number  of  simulation  runs  from  25B  for  a  full 
factorial  to  64  uith  the  fractional  and  also  gives  27  de¬ 
grees  of  freedom  for  error.  The  number  of  runs  is  reason¬ 
able  since  each  run  uses  2.5  minutes  of  C  .  P  .  LI .  time.  The 
result  is  a  Resolution  U  design  in  uhich  no  main  effect  or 
tuo  Factor  interaction  is  aliased  uith  any  other  main  effect 
or  tuo  factor  interaction. 

The  design  chosen  for  screening  is  shoun  in  TABLE  3.2. 
Small  letters  indicate  a  particular  factor  is  at  its  high 
level.  C 1 }  indicates  all  factors  are  at  their  lou  levels. 
The  defining  contrast  is  I -ABCEG-ABDFH-CDEFGH .  For  further 
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explanation,  refer  to  Montgomery  C14)  or  any  Design  of 
Experiments  text. 

In  the  second  stage,  the  results  of  the  initial 
screening  were  analyzed  and  the  best  set  of  subsequent  runs 
chosen.  It  will  be  shown  in  the  next  chapter  that  two 
factors  are  insignificant  and  can  be  removed.  This  makes 

g 

this  fractional  factorial  design  equivalent  to  a  2  full 
factorial .  By  adding  center  points  and  axial  points  to  the 
original  design,  orthogonality  and  uniform  precision  (vari¬ 
ance)  can  be  maintained.  To  keep  all  observations  indepen¬ 
dent  in  the  initial  screening,  a  different  set  of  random 
number  seeds  was  used  for  each  run.  Also  for  the  screening, 
measures  of  effectiveness  were  only  evaluated  during  surge. 


•'V  -  V 


V  /  /.  s .  , 


A  V-  ’  ’  •/  ■  ■  N*  v* 


The  goal  of  this  chapter  is  tc  give  decision  makers  a 
tool  to  use  in  determining  aircrew  ratios.  Results  of  thB 
initial  screening  experiment  will  be  discussed.  Then  the 
subsequent  runs,  setup,  and  results  of  the  regression  anal¬ 
yses  will  be  described.  Finally,  sensitivity  analysis  on 
the  major  Factors  will  be  presented. 

Initial  Screening  Results 

Analyses  of  variance  were  accomplished  For  the  Frac¬ 
tional  Factorial  design  using  the  BMDP2U  statistical  pack¬ 
age.  The  data  and  an  example  input  program  are  included  as 
Appendix  I .  Analyses  For  three  measures  oF  eFFect i veness 
Cachieved  utilization  rate,  average  work  month,  and  average 
Flying  hours)  will  be  discussed  separately.  The  small  num¬ 
ber  oF  mission  cancellations  eliminated  cancellations  From 
consideration. 

At  the  93^  conFidence  level,  there  are  three  main 
eFFects  which  signiFicantly  aFFect  achieved  utilization: 
staging  policies,  Flying  time  limits,  and  scenarios.  These 
and  the  significant  two-Factar  interactions  are  shown  in 
TAELE  4.1.  Target  utilization  rates,  crew  ratios,  and 
ground  times  are  not  signiFicant  at  this  level.  However, 
since  the  crew  ratio  is  as  much  a  determinant  oF  the  number 
oF  crews  as  the  percentage  oF  crews  available,  it  has 


TABLE  4.1 


Analysis  of  Variance  —  AUR 


SOURCE 

sun  OF 
SQUARES 

DEGREES  OF 
FREEDOn 

NEAN 

SQUARE 

F 

nEAN 

6E30 .07312 

1 

6230.07312 

36550.70, 

STAGE 

2.3S1G5 

1 

2.36165 

13.86, 

FLYLNT 

2.BB767 

1 

2.88767 

16.34 

TUR 

. 18S53 

1 

. 1B953 

1  .11 

PERCENT 

.00336 

1 

.00336 

.02 

CR 

.01747 

1 

.01747 

.10 

RELIAB 

.00010 

1 

.00010 

.00 

GND 

.08075 

1 

.08075 

.47, 

LEGS C Scenario ) 

3.56454 

1 

3.56454 

20.31, 

SF 

5.5333B 

1 

5 . 5333B 

32.46 

ST 

.26665 

1 

.26665 

1  .56 

FT 

.54438 

1 

.54438 

3.13 

SP 

.02561 

1 

.02561 

.  15 

FP 

.04248 

1 

.04248 

.25 

TP 

.03145 

1 

.03145 

.18 

SC 

.04274 

1 

.04274 

.25 

FC 

.00125 

1 

.00125 

.01 

TC 

.00022 

1 

.00022 

.00 

PC 

.01041 

1 

.01041 

.06 

SR 

.04789 

1 

.04783 

.28 

FR 

.00012 

1 

.00012 

.00 

TR 

.18233 

1 

. 18233 

1.07, 

PR 

3.37575 

1 

3.37575 

23.32 

CR 

.02123 

1 

.02123 

.  12 

5G 

.25184 

1 

.25184 

1  .48 

FG 

.00134 

1 

.00134 

.01 

TG 

.00101 

1 

.00101 

.01 

PG 

.35375 

1 

.35375 

2.08 

CG 

. 67867 

1 

.67867 

3.38 

RG 

.04575 

1 

.04575 

.27, 

SL 

2.42380 

1 

2.42380 

14.26, 

FL 

3.54130 

1 

3.54130 

20.78 

TL 

. 017B9 

1 

.01703 

.  10 

PL 

.20463 

1 

.20463 

1  .20 

CL 

.00106 

1 

.00106 

.01 

RL 

. 12356 

1 

.  12356 

.76 

GL 

. 18162 

1 

.  18162 

1 .07 

ERROR 

4.60216 

27 

.  17045 

*-SianiF icant 

at  SS’-s 

probably  been  masked  by  a  higher  level  interaction  and  mill 


not  he  omitted . 
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Analysis  of  Uariance  —  AUGUQRK 


1  SOURCE 

sun  of 

DEGREES 

OF  HEAN 

F 

SQUARES 

FREEDOn 

SQUARE 

L 

(1EAN 

1037S37 . S2S1S 

1 

1037637.62919 

3750B.56* 

STAGE 

1853.73322 

1 

1853.73322 

67.01* 

FLYLHT 

525.7850S 

1 

525 . 78509 

19.01 

TUR 

1.75561 

1 

1.75561 

.06* 

PERCENT 

3224.82020 

1 

3224.82020 

116.57* 

CR 

12002.23757 

1 

12002.29767 

433.86 

RELIAB 

10 .93356 

1 

10.93956 

.40 

GND 

8.41000 

1 

8.41000 

.30* 

LEGSCScenarioD  57G . 72047 

1 

576.72047 

20.85* 

SF 

32S .03049 

1 

929.03049 

33.58 

ST 

54.39063 

1 

54.39063 

1.97 

FT 

52.56253 

1 

52.56253 

1.90 

SP 

20.36263 

1 

20.36263 

.74 

FP 

32.91892 

1 

32 .91B92 

1  . 19 

TP 

33.55301 

1 

33.55301 

1.21 

SC 

.71403 

1 

.71403 

.03 

FC 

38.06890 

1 

3B.06B90 

1.38 

TC 

5.88066 

1 

5  .  BB066 

.21 

PC 

81.22517 

1 

B1 .22517 

2.94 

SR 

43.65908 

1 

43.6590B 

1.58 

FR 

4.54755 

1 

4.54755 

.16 

TR 

29.02516 

1 

23.02516 

1 .05* 

PR 

694.84963 

1 

694.84963 

25.12 

CR 

3.03631 

1 

3.03631 

.11 

SG 

33.06250 

1 

33.06250 

1 .20 

FG 

1.89063 

1 

1 .89063 

.07 

TG 

1 .46840 

1 

1 .48840 

.05 

PG 

12.72709 

1 

12.72709 

.46 

CG 

156.25000 

1 

156.25000 

5.65 

RG 

32.63263 

1 

32.63263 

1  .IB* 

SL 

1165 . 19811 

1 

1165 . 19811 

42 . 12* 

FL 

569.29954 

1 

569.29954 

20. 5B 

TL 

3.25B03 

1 

3.25B03 

.  12 

PL 

15.86026 

1 

15.86026 

.57 

CL 

3.36725 

1 

3.36725 

.  12 

RL 

21.97266 

1 

2 1.97266 

.79 

GL 

16.56493 

1 

16.56493 

.60 

ERROR 

746.92862 

27 

27.66402 

•“Significant  at  99*; 

TABLE  4.3 


Analysis  of  Uariance  —  AUGFLY 


SOURCE 

sun  of 

DEGREES  OF 

nEAN 

f  ; 

* « 

>  *  ■ 

SQUARES 

FREEDOn 

SQUARE 

HEAN 

40SS13 . S5SBS 

1 

409913.65980 

33932 .  31  * 

STAGE 

165.25099 

1 

165.25099 

13. 6B* 

FLYLnT 

170.43301 

1 

170.43301 

14 .11 

TUR 

16 .SS6B1 

1 

16.666B1 

1 .38* 

PERCENT 

1235 . 69840 

1 

1235 .69840 

102 .29* 

CR 

4652.60411 

1 

4652.60411 

3B5.14 

RELIAB 

.04410 

1 

.04410 

.00 

GNO 

4 . 6SB06 

1 

4.69806 

.39* 

LEGS C Scenario) 

250.03513 

1 

250.03513 

20 . 70* 

SF 

3B6 .51556 

1 

386.51556 

32.00 

ST 

24 .42B2B 

1 

24.42828 

2.02 

FT 

31 .38005 

1 

31 .3B806 

2.60 

SP 

1 .85640 

1 

1 .85640 

.15 

FP 

13.56081 

1 

13.56081 

1  . 12 

TP 

5.19840 

1 

5.19840 

.43 

SC 

1.31103 

1 

1.31103 

.11 

FC 

5.73604 

1 

5.73604 

.47 

TC 

.61231 

1 

.61231 

.05 

PC 

43.85752 

1 

43.B5752 

3.63 

SR 

14.47800 

1 

14 .47B00 

1 .20 

FR 

. 1SB02 

1 

.  19B02 

.02 

TR 

6.48975 

1 

6.48975 

•54* 

PR 

288.4052B 

1 

2BB.4052B 

23.87 

CR 

.00722 

1 

.00722 

.00 

SG 

30.49802 

1 

30.49802 

■2.52 

FG 

.97515 

1 

.97515 

.08 

TG 

.75562 

1 

.76562 

.06 

PG 

10.85703 

1 

10.85703 

.90 

CG 

63.56075 

1 

63.56075 

5.26 

RG 

5.67629 

1 

5.67629 

•  47  * 

SL 

171 .93755 

1 

171 .93766 

14.23* 

FL 

211 .77522 

1 

211 .77522 

17.53 

TL 

2.48062 

1 

2.48062 

.21 

PL 

12 .53B00 

1 

12.63800 

1.05 

CL 

.33931 

1 

.33931 

.03 

RL 

9.81257 

1 

9.81257 

.81 

GL 

9.67210 

1 

9.67210 

.80 

ERROR 

326.16904 

27 

12.08033 

*-SigniF icant 

at  99* 

policies,  flying  time  limits,  percent  of  crews  available, 
crew  ratios,  and  scenarios.  These  and  significant  interac¬ 
tions  are  indicated  in  TABLE  4.2.  Again  target 
utilization  rates  and  ground  times  are  not  significant. 

Factors  and  interactions  affecting  average  monthly 
flying  times  are  exactly  the  same  as  those  affecting  average 
work  month;  a  somewhat  intuitive  result.  TABLE  4.3  illus¬ 
trates  . 

Regression  Analuses 

The  fractional  factorial  design  indicates  that  six 
potential  independent  variables  explain  achieved  utilization 
rates,  average  work  month,  and  average  flying  times.  As 
target  utilization  rates  and  ground  times  are  eliminated, 
all  experimental  combinations  containing  them  are  also 
eliminated.  Thus,  the  2  fractional  factorial  becomes  a 

g 

2  full  factorial  (15:330).  Since  an  objective  of  this 
study  is  to  fit  second  order  regression  equations  to  the 
data,  the  next  logical  step  is  to  perform  additional  runs  at 
other  levels  in  order  to  estimate  the  nonlinear  relation¬ 
ships. 

Subsequent  Runs .  flyers  suggests  thirty-six  additional 
runs,  twenty-four  at  center  points  and  twelve  at  axial 
points  with  a  -  ±2.B2B  (IB:  153).  a  is  the  multiplying 
factor  used  to  set  levels  for  the  independent  variables  used 


in  estimating  nonlinear  relationships.  These  are  needed, 
not  only  to  generate  results  at  intermediate  levels,  but  to 


Loui  Axial  High  Axial  Center 

a)  Staging  policy  3  87  45 

b)  Fly  time  limits  108 . 15/EEO . 3E  17E . 85/558 . 68  137.5/390 


c)  Target  ute . 

d)  Percent  avail 

e)  Crew  ratio 


4.0/15.6/13.9  4.0/15.6/13.9  4.0/15.6/13. 


.709 

3.086 


f)  Launch  reliab  . 94E/ . 044/ . 014 


g)  Ground  time 

h)  Scenario 


E  .  1 
N8T0 


.991  .85 

5.914  4.5 

,96S/. 038/0  .958/ .044/ .00 

E.l  S.l 

SWA  NATO, SWA 


maintain  an  approximately  orthogonal  and  uniform  precisian 
design.  Orthogonality  will  give  enhanced  meaning  to  the 
regression  coefficients  in  the  next  section  Ci.e.  uncorre¬ 
lated  estimates) ,  and  uniform  precision  Crotatabil ity )  en¬ 
sures  uniform  variance  in  the  responses.  In  addition,  the 
replicated  center  paints  allow  an  evaluation  of  the  appro¬ 
priateness  of  the  equations  (18:153). 

The  factor  levels  for  these  subsequent  runs  are  listed 
in  TABLE  4.4.  Five  of  the  six  main  Factors  (all  except 
scenario)  have  quantitative  midpoints.  To  account  For  the 
sixth  factor,  twelve  center  points  will  be  run  for  each  of 
the  two  scenarios.  The  axial  levels  can  be  computed  using 
Eq  (4)  with  o-S.BEB. 


e  . -+E  .838(  .5)d  . +e"  < 

l  ii 

where  d ^-dif f erence  between  high  and  low  levels 
ei  “midpoint  between  high  and  low  levels 


Additionally,  levels  For  the  deleted  factors  (ground  times 


and  target  utilization  rates)  must  be  preset.  Since 


intuition  suggests  that  target  utilization  rates  should  be 
significant,  they  were  set  at  an  intermediate  level.  Ground 
time  was  set  at  2.1  hours  arbitrarily. 

Regression  Results .  The  regression  equations  presented 
in  this  section  will  enable  a  decision  maker  to  give  initial 
capability  estimates  of  the  achieved  utilization  rates, 
average  work  months,  or  average  monthly  flying  times  given 
values  for  the  input  values. 

A  problem  with  including  data  from  axial  input  values 
is  the  extreme  responses  Cautliers)  that  sometimes  arise,  as 
is  the  case  here.  Referring  to  TABLE  4.4,  staging  policy 
and  flying  time  limits  are  well  outside  the  range  of 
interest.  For  this  reason,  those  observations  will  not  be 
included  in  the  regression  analyses.  Other  potential  out¬ 
liers  were  investigated  for  accuracy  but  were  not  elimi¬ 
nated.  The  reason  axial  results  were  not  eliminated  com¬ 
pletely  was  to  maintain  a  higher  degree  of  uniform  precision 
and  orthogonality.  This  study  did  conduct  analyses  without 
the  axial  points  for  comparison's  sake;  the  results  were 
better  in  some  cases  and  worse  m  others  Cnot  included!. 

Stepwise  regression  analyses  were  performed  with  BnDPSR 
using  adjusted  squared  multiple  correlation  CR2).  This 
method  recognizes  the  tradeoff  between  additional  degrees  of 
freedom  and  the  reduced  variance  associated  with  adding 
another  variable.  It  is  analogous  to  minimizing  the  resi¬ 


dual  mean  square  which  enhances  the  predictive  capability 


CS5.-173D.  Separate  regression  analyses  were  performed  for 
each  scenario  to  study  differences.  Appendix  J  contains  the 


axial  and  centerpoint  data,  an  example  input  program,  and 
output  from  BflDPSR .  Analyses  of  residual  plots,  scatter 
plots,  and  correlation  matrices  did  not  show  any  marked 
deviations  from  the  model  assumptions.  The  coefficients  in 
the  equations  on  the  following  pages  (TABLES  4.5-4.7D  have 
been  decoded  to  correspond  to  real  data  values  as  opposed  to 
those  coded  for  design  matrix  values  of  -1,  0,  and  1  found 
in  the  appendix.'*'  Separate  equations  are  shown  for  peace, 
surge,  and  sustained  because  of  the  changes  in  target  utili¬ 
zation  from  one  phase  to  another;  but,  they  did  come  from 
the  same  regression  model.  Interactions,  where  one  factor 
level  is  dependent  on  the  level  of  a  second  factor,  can  be 
represented  by  a  cross  product  term  (i.e.  multiplying  the 
level  of  the  first  term  by  that  of  the  second) .  TABLE  4.S 
shows  the  allowable  ranges  for  the  parameters. 


Design  mat 
where  d.  is  the 
e  is  tloe  mean  . 
terms  of  ;<  .  To 

-  C . (2/d . )e  . 


rix  values  are  obtained  from  x.  ”  2Ce  -e.)>/d. 
difference  between  high  and  low  levels  and 
The  coefficients  in  Appendix  J,  C.,  are  in 
translate:  C  x  .”  C . 2C l/o . J Ce . -e  .  )  =C  .C2/d  .)e 
c  /  -  C  .  C 2/d  .  1  and  ^  -  tf1  -  vC  .  ts/d  .  le\  .  1 


I 

Mtz 


TABLE  4.6 

Regression  Results  --  Average  Fly  Time 


TABLE  4.B 

Uariable  Ranges  For  Regressions 


Uariable 

OeFinition 

Ranoe 

STAGE 

1  crew  prepositioned  For 

30  to  60 

every  ??  transits 

* 

FLYLMT 

30/90  day  Fly  limits 

125  /330  to  150  /450 

PERCENT 

Percent  oF  crews  avail 

4S0  to  .90 

RELIAB 

Prob .  oF  on-time,  delayed 

.949^/ .044/ .008  to 

or  cancelled  takeoFF 

.955  /. 044/. 001 

TUR 

Peace,  surge,  S  sustained 

3.5/15.1/13.4  to 

target  ute  rates 

4.5/16 .1/14.4 

CR 

Crew  ratio 

4.0  to  5.0 

*  ”  Ualue  to  enter  regression  equation  with. 

The  quadratic  response  Functions  For  average  work  month 

and  average  Flying  time  For  the  NATO  scenario  resulted  in  a 

2  1/2 
R  >  . 9B  and  a  standard  error  oF  the  estimate  CnSE  ) 

<  1.9G.  For  the  SWA  scenario,  R2  was  still  over  .90,  but 
the  standard  error  was  larger  C5.95  and  4.11  For  average 
work  month  and  Flying  time  respectively).  Thus,  the  predic¬ 
tive  capability  could  be  somewhat  impaired.  See  TABLE5  4.5 
and  4.5. 

R^  For  achieved  utilization  rates  were  lower  C. 54700 
and  .76544  For  NATO  and  SWA  scenarios  respectively),  but  the 
standard  error  was  less  than  .44  in  both  cases  CSee  Appendix 
J).  To  Further  investigate  the  Fit  oF  these  response  Func¬ 
tions,  the  center  point  replications  were  used  to  estimate 
pure  error,  thereby  splitting  the  sums  oF  squares  into 
components.  The  results  are  shown  in  Fig.  4.1.  This  analy¬ 
sis  indicates  that  the  NATO  regression  is  adequate  and  the 
SWA  regression  is  not.  In  other  words,  the  SWA  numerator 


SWA  Scenario 

3"  _ 

10. =5=67 

- 

=  .536*166*'  d-f  = 

12  -  1  = 

1 1 

:p  = 

,  0487*69’“  S5E  =  44/ 

. 191196) 

=  9.412624 

_F  = 

3.412624  -  . 5364667  =  -.3761573 

df  =  44 

-  11  =  33 

-F  = 

.  2336“'  1 4 

F  = 

hSLF/MSFE  =  4.8938467 

F- .05;  11. 

33 )  =  2.12 

10Ct 

hvoothesis  or  good  -fit. 

NATO  Scenario 

= 

<=. "825 

=  .  1 6_il6- 

d-f  =  12  - 

1  =  11 

"'E  = 

.0152243  SSE  =  41 

( . 010375) 

=  . 425375 

.f  = 

.4253-5  -  .16-4=7  =  .257908 

d-f  =  41 

-  11  =30 

-F  = 

.  0055=6= 

F  = 

MSLF  NEFE  =  .5=4635 

F  .  „  [  1  # 

TO*  =  7.11 

-•not 

»“  =  iart  h  vnrf  h  —  ^  ^  =  .“-f  qnoH  -f  i  f  . 

i 

Fig.  4.1.  Lack  qF  Fit  Analysis  For  AUR  Response  Functions 

mean  square  is  estimating  something  which  is  in  excess  of 
T  ,  the  experimental  error  variance.  This  could  possibly  be 
due  to  higher  order  terms  that  are  not  included  or,  more 
likely,  the  small  number  of  degrees  of  Freedom  For  pure 
error  associated  with  only  twelve  center  point  replications. 

Further  analysis  oF  the  residuals  For  this  case  CAppen- 
dix  J)  showed  three  potential  outliers,  cases  15,  37,  and 
50.  Uoon  investigation  oF  the  simulation  outout,  ten  cases 


3 


SWA  Scenario 


V  =  10.35667 


(Y.  -  Y ) "  =  .5364667 

1 

MSF'E  =  .0513334 


d  +  =  13  -  1  =  11 


SEE  =  34 (.064833)  =  2.304492 


3SLF  =  2.204492  -  .5364667  =  1.6630253  d-f  =  34  -  11  =  23 


MSLF  =  .0725228 


F  =  MSLF/MSPE  =  1.4870471 


Cannot  reject  hypothesis  oi  oaod  -fit. 


F  >: .  05:  11.23)  =  2.24 


4-14 


Confidence  Limits .  A  confidence  region  is  hard  to 

visualize  on  surfaces  such  as  these  but  limits  could  easily 

be  placed  on  individual  input  combinations.  Boundaries  for 

a  Working-Hotelling  confidence  region  over  all  input 

combinations,  X.  ,  are  indicated  in  Eq  (5)  . 
h 

Y.  ±  WsCY.)  (5) 

h  h 

where  -  pFC  1- <« ;  p  ,  n-p3  (19:244) 

The  standard  error  of  the  predicted  value,  s(Y.)  ,  is 

h 

available  from  BflOP  for  combinations  in  the  experimental 
design.  Unfortunately,  the  interval  obtained  is  only  valid 
at  that  particular  input  combination.  For  example,  if  one 
were  interested  in  an  estimate  of  achieved  utilization  rate 
far  a  SUJA  scenario  at  input  values  matching  Case  1  where  all 
eight  variables  are  at  their  high  level,  s(Yh)  “  .1065,  the 
number  of  parameters  (p)  -8,  and  F(.95;B,34)  -  2.23.  It 
follows  that: 

WS  -  8(2. 233 

Y.  +  UJsC  Y.  )  -  10.9670  ±  4 . 22374  C  .  1065  ) 
h  h 

-  10.9670  ±  .4490 

-  (10.517,11.4169)  with  95^ 

confidence 

One  can  readily  see  here  that  in  spite  of  the  relatively  low 
2 

R  ,  the  predictive  capability  is  acceptable. 


Sensitivitu  Analysis 

Analysts  at  HQ  F1AC  and  Studies  and  Analysis  are  inter¬ 
ested  in  the  effect  of  changing  cne  main  factor.  The  coef¬ 
ficients  of  the  regression  equations  approximate  a  unit 
change  in  the  input  parameters,  assuming  a  high  degree  of 
orthogonality  has  been  maintained.  Host  decision  makers, 
however,  would  prefer  a  graphical  analysis.  This  section 
will  present  graphical  comparisons  holding  all  variables 
constant  except  one.  The  variables  varied  are  crew  ratio, 
staging  policy,  target  utilization  rates,  and  flying  time 
limits.  The  effect  of  these  changes  on  achieved  utilization 
rates,  average  work  month,  average  monthly  flying  times,  and 
time  away  from  station  for  the  NATO  scenario  will  be  shown. 
Appendix  K  shows  the  results  of  three  replications  for  each 
factor.  The  variables  held  constant  will  take  on  the  center 
point  values  from  TABLE  4.4. 

Crew  Ratio  Sensitivitu .  The  crew  ratio  was  given 
values  4.0,  4.E,  4.4,  4.6,  4.0,  and  5.0.  The  impact  of 
these  changes  is  shown  in  Figs.  4. 3-4. 7.  There  seems  to  be 
no  AUR  benefit  in  increasing  the  crew  ratio  to  5.0  as  it 
peaks  at  4.0.  4.0  also  results  in  the  least  amount  of  time 

away  from  home.  Another  factor  in  the  system  is  apparently 
restraining  increased  benefit.  There  is  an  anomaly  in  the 
results  for  a  crew  ratio  of  4.0  that  is  partially  explain¬ 
able.  The  crews  at  homestation  were  depleted  quite  early 


and  the  number  of  cancellations  due  to  either  no  aircraft  or 


Fig.  4.3.  Effect  of  Staging  Policy  on  Ute  Rate  (NATO) 

no  crews  available  was  an  order  of  magnitude  higher  than 
other  cases.  Apparently,  4.0  crews  per  aircraft  is  simply 
not  enough  to  maintain  the  desired  utilization  with  the 
associated  values  of  the  other  factors.  The  significant 
drop  in  work  month,  flying  time,  and  achieved  utilization 
going  from  surge  to  sustained  when  CR  •  4.0  could  be  a 
result  of  flying  time  limits. 

Staging  Pol icu  Sensitivitu .  Staging  policy  was  given 
values  30,  45,  and  60.  There  is  apparently  no  benefit  in 
staging  more  crews  than  one  every  45  transits  CSee  Figs.  4.0 
-4.10).  However,  staging  a  crew  for  every  30  transits 
rather  than  45  significantly  reduces  aircraft  utilization  in 
the  sustained  phase  by  approximately  two  hours  a  day. 


c  >  9  .  •!  .  1  . 


Effect  of  Target  Ute  Rate  on  Achieved  (NATO) 


Target  Utilization  Rate  Sensitivitu .  Peace,  surge,  and 
sustained  TUR's  were  given  values  3.5/15.1/13.4, 
4.0/15.6/13.5,  and  4.5/16.1/14.4.  Increasing  TUR  beyond 
4,0/15.6/13.5  reduces  utilization  rate,  work  month,  and 
flying  time  in  the  sustained  phase.  This  is  quite  possibly 
an  indication  that  the  sustained  phase  is  the  primary  driver 
in  restricting  capability.  It  also  indicates  that  the  C-17 
cannot  be  flown  above  the  13.5  projected  utilization  rate 
during  a  sustained  conflict.  Figs.  4.11-4.13  illustrate. 


Fig.  4.14.  Effect  of  30/90  Day  Limits  on  Achieved  Ute  (NATO) 

F lu  Time  Limit  Sensitivitu .  Fly  time  limits  were 
evaluated  at  165/330  and  150/450.  Raising  the  limits  had  a 
positive  impact  in  both  peacetime  and  sustained  operations 
whereas  surge  characteristics  were  unafFected  (See  Figs. 
4.14-4.163.  Aircraft  utilization  was  increased  by  almost 
four  hours  a  day  in  peacetime  and  almost  three  hours  a  day 
in  sustained  operations.  This  increased  utilization  obvi¬ 
ously  increases  monthly  flying  time  and  the  crew’s  work 
month;  therefore,  the  length  of  conflict  plays  a  definite 
role.  These  results  indicate  that  the  proposed  increase  in 
AFR  60-1  to  150/450  should  definitely  be  considered. 


'J .  Observations  and  Recommendations 

□bservat i ons 

This  study  examined  the  C-17’s  mission  capability  in 
terms  of  each  aircraft’s  utilization  and  that  utilization’s 
effect  on  the  aircrew.  Specifically,  average  monthly  flying 
times  and  average  work  months,  as  well  as  aircraft  utiliza¬ 
tion,  were  found  to  be  affected  by  changes  in  flying  time 
limits,  ■  iging  policies,  target  utilization  rates,  the 
number  of  crews,  and  the  launch  reliabilities. 

The  equations  in  the  previous  chapter  show  the 
relationships  between  these  factors  and  responses  for 
various  levels  of  these  parameters.  The  simulation  then  can 
accurately  measure  the  dynamic  effects  of  those  changes. 

The  simulation  also  gives  the  capability  to  vary  work  rules, 
change  scenarios,  analyze  parameter  values  outside  the 
ranges  of  the  regressions,  and  answer  many  other  ”UIhat  if?" 
questions . 

The  sensitivity  analysis  yielded  the  following 
conclusions : 

1.  There  is  no  benefit  in  staging  more  than  one  crew 
for  every  forty-five  planned  mission  transits.  Capability 
is  significantly  reduced,  however,  if  thirty  missions  are 
used  for  the  basis  instead  of  forty-five. 

2.  Sustained  capability  is  degraded  if  target 

utilization  rates  are  increased  above  4.0,  15.6,  and  13.9 


hours  per  day  for  peacetime,  surge,  and  sustained  respec¬ 


tively  .  These  surge  and  sustained  values  were  directed  by 
the  SECDEF  For  C-17  planning. 

3.  Monthly  and  quarterly  flying  time  limits  are  a 
major  restricting  factor  in  both  peacetime  and  sustained 

operations.  Surge  operations  ere  only  slightly  effected , 

4. -  4.B  craujs  pBr  aircraft  yield  the  highest  payoffs  in 

utilization  and  crew  workloads.  4.0  crews  per  aircraft  are 
not  enough.  In-between  these  values,  tradeoffs  must  be 
considered  between  the  number  of  crews  and  the  associated 
cost . 

Future  Studies 

The  value  of  this  study  lies  in  future  research.  As  it 
exists  now,  valuable  insights  can  be  gained  on  the  factor 
effects;  hut  the  model  was  not  designed  to  produce  optimal 
answers . 

Costs  need  to  be  included  in  the  analysis  in  order  to 
weigh  the  effects  of  crew  ratio  changes.  To  say  that  4.B 
crews  per  aircraft  yields  the  highest  utilization  is  one 
thing;  but  is  the  extra  $305  million  worth  increasing  the 
ratio  from  4 . E7 

MAC  does  not  have  a  staging  policy  for  its  contingen¬ 
cies.  Major  Charles  Dillard,  USAF/SAGM,  has  developed  an 
analytic  solution  assuming  exponential  interarrival  rates. 
This  needs  to  be  verified  and  expanded  into  a  usable  policy, 
as  it  is  doubtful  that  (during  a  contingency?!  accurate 


estimates  of  the  number  of  mission  transits  or  interarrival 
times  can  be  made. 

This  simulation  model  could  be  an  integral  component  of 
a  decision  support  system.  The  system  could  mesh  a  multi¬ 
tude  of  attributes  (cost,  utilization,  work  month,  etc.)  and 
help  decision  makers  to  choose  optimal  crew  ratios  and 
optimal  staging  policies,  not  only  to  maximize  aircraft 
utilization,  but  to  maximize  overall  mission  effectiveness. 


This  aoDsndi::  illustrates  the  flow  of  missions,  crew 


and  aircraft  through  the  ELAM  model.  It  gives  a  pictoral 


re esentation  of  the  interactions  of  the  model  segments. 


ASSIGNED 


Crew  Rest  &  Pref light 


hp  pen  a  i B 


SLAM  Netwc-r*’ 


SEN. BSLTTER. THE5IS2. ?/! 4/8!, „  „  „  72; 

LIMIT3.20.2S.400: 

TJMST. NNQ (2) . 2REWS  at  HOME. 20/0/5; 

TIHST,NNQ(1!>. CREWS  AT  CVYR; 

TI*1ST,NNQt!2;  ’  CREWS  AT  ESXX; 

TIMST.NNQ’U), CREWS  AT  CYXX; 

TIMST,XX'Ci' .Missions  CANCEL) 

TIMST. XX (5s!, BURNOUT; 

TIM£T, XX '19) . i  ACFT  PHC; 

RECORD, TN0W.r!MEH»S, 0,0,  ICO;  EVERV  C!V£  0A>’S 
VAR.  V « 28'  ,U,AUR; 

VAP .  X X  < 4 1 ' , » .  AV5  WC«:  “ONTH; 

W, <»(*:!, R.AVE  =IY  HRSHOs 
VAR.X.V*E},T,AVE  T!*E  4WAYN9; 

PR  I  OR  ITY  ’2,  HVF  'CO  > ,  1  i ,  HVR  2  0 )  / 1 1 ,  HVF  i  CO » / 1 3.  HVF  •'  CD '  1 4 ,  HVF -20  '1C.  HVF  (20  '•  • :  j , 

HVF  •: "0 )  / ! 7 . H VF ( 20 ) :  5 IVES  PRIORITY  TQ  A  CREW  THAT  HAS  BEEN  HECH.  STAGED 

‘tuuuntuuutnmttnMtnmmmumummmmmmutmttum 

;  INITIALIZATION 

;  USER  INPUTS 

■utuuuumtmuuttmmmmmummuimmiuiuuumtuntutt 

INTL.  XV  t  :•  =30:  STAGING  POLICY 
INTL, 11. (2) =!25;  CO  DAY  FLYING  TINE  LIMIT 
INTL. X (!■  =  :T0;  ?0  DAY  -LYIN6  TIME  LIMIT 
INTL. yy >'4i a, a*9s  DN  T!NE  RELIABILITY 
INTL. XX 'I*  =  . 044;  delay  RELIABILITY 
INTL.  UY  =.005;  sROB  OF  RESCHEDULING 

;  NOTE:  n'SOwtTt 

INTL.  SO;  cSRCENT  AVAILABLE 

INTL,  ■'?  13! =4.0:  C-EM  PATi: 

;IHSE?T  :CENA5!C,  "NEE,  -‘ID  'JR5E*  JTE.  ;ATEB  INTO  RILE  'ROUTE.' 

:  •»«£?*  initial  NL'NBE?  DF  CREWS  INTI  -IRST  CREATE  STATEMENT  (.  ASSIGN  *2  XXT47) 

;*  CREWS  hi,,A:L=  :.R.INACFt  :*C.;.INACF'  i'tRRPCENT  AVAILABLE 
IN’L. »X  := I ='2:  i  CREWS  AVAILABLE  IS!t:ALLY 
INTL.  C<  10  '  :EACE~!ME  NAY 

I‘:T.,!S  P'E:cet;me  ALEct  WINDOW 

INTL.  i  i  ■'  12'  =12:  ♦  HRS  AFT£S  W«TCM  a  ECMED.  MI “=  1 2N  ,c  CANCELLED  Ic  NO  *5EW  Oc  AC 

iiititttmtiittmtmmttiittiitmmtiitttmmmtiimtimmitiiiimi 

NE*WG:-': 

RESOURCE -ACF" TIM. ij  CRE-*E  CD  ajtRAF’ 


::ea*e, \ :°eks 

ENTE:.:.; 

ASEIEfi.  :Y' IT  *0  •' 1C:  *!,AT&!8  •'!*>=<  VIC’  .ATRIB  II-  I'.-TB'D  =1, 
jtc  15  T ;  =  1 V.  *ATC  19 '  .  iTF  *B  •  C1  =  1 .  ATF:1 9  (It  •  =rNCW.  ATF:  IB  L5'  =  1 , 4TC I P  (2  ’  =!0: 


STAR’  «SI5>i.STF!B;')=J,f»T»!B;!:=!0,ATE-!P/i>=i,5TP2Cf9i=>!), 

A r P i g ( ’ i  =•;» , A T F: 1 3 I :  =  10:  !NIT  BASIC  CREW.  PRESENT  BASE.  STftSE, 

;  MISSION.  SORTIE  -l_v  TIME.  NEXT  BASE 

ASSIGN. XX(14>=NNQ(2),1; 

ACT/32. i:jX!14).5E.l. AND. ATPIB ( 1 ! > -20 . GE. XX < 2) . RET;  APPROACHING  30  LMT 

ACT/33, 12, XXI14! .5E. l.AND. ATRIB(12!+20.5E.XX!3! .RET;  APPROACHING  90  LMT 
ACT; 

SOON,  I; 

ACT >'20,2*, ATRfB ( i  1 ) . SE. XX (25 . Oft. ATRIfi ill). SE. XX (3) , PET;  ENTER  24  HOUR 

;  CREW  REST  IF  30  OR  90  DAY  LIMIT  EXCEEDED 

ACT, ,  ,QLiE2; 

RE’  EVENT. 10,1;  UPDATE  30/B0  rLV  ’IME 

ACT.,, START; 

QUEUE! 10! ; 

ACT/31.12;  BRAVO  CREW  REST 

3UE3  QUEUE (3) ;  BRAVO  CREW  FILE 

SUE!  QUEUE! 2?,,,, MAT!;  AWhIT  MISSION 

iiiiiitiiitttiiniitiitiiiittitiiitmtmtmtimmtmititmimiiiimim 

;  imCREATE  MISSIONS!!*! 

iiimiittiittttuimitmimiiittiitiiiimttiitttmimtitttittiiiimum 

CREATE, RNORM (XX ( 13) , 1, 3> , 0;  CREATE  MISSION  AT  FREQ  OF  XX(15) 

MSN  EVENT, 4,1;  DETERMINE  MISSION 

ACT/ 10:  COUNT  MISSIONS 

ASSIGN, ATFIB'2)  =  ;0,ATP!B'3'>=0,ATPIB'4!=1,ATRIB:S)=!;  INTLC  TO  NATCH  CREW 
!  IS  AN  AIRCRAFT  AVAILABLE? 

ASSIGN. XX !!6)=NNRSC!ACFT'*XX''!7! :  ACFT  AVAIL  *  ACFT  INBOUND 

GOON. 1; 

ACT . ,XX ( li ) . LE.O, XCLA;  CANCEL  DUE  T0  NO  AC-t 

ACT; 

ASS  1 3N.  XX  ( !7>  =  XX  •  17)  - i ;  ONE  ACF’  SPOKEN  -OF: 

310  ASSIGN.  A”IB;l3!=TN0W; 

9UE3  0UEUE!3). ...MAT!;  MISSION  QUEUE 

MAT!  MATCH.  5. QUE! 'QU:. SUEZ ■REST;  MATCH  CREW  WITH  MISSION 

9U6  ASSIGN. II=ATRIB(?'i 
AC’. , , QUE6; 

:  tttmttttmimttitttttiittttiinmitttiitiiiimtuutmtttutmttttMtit 

;  tlMCPEW  R'ESTHH 

iittmmtuttimitmmtmutmmttttittmmittutttmtmittitmtm 

CEET  SOON; 

ASSIGN. htF!9 • 3  s*!.4T5IB'.t’=0.AtR!5'!0?=0;  MISSION  NUMBER.  :Lr  TIME 

;  i  TIME  AWAY  IN!T=0 

ACT/!.:;..;  CREW  SECT 

ASSIGN. ATRIB(!4'-TN0W; 

AWAIT 'li.ACFT; 

ASSIGN,  XX  ■  I"  =XX ■  1 ;  RESETS  AVAIL  GR  CRCJECTED  ACF’ 

S3 
AC 


;  ttltCF.EW  “HOWS  AT  EQDNtttt 

itiititiiitiiiitituiittiititiiiiiiiitittiiiiimittiiiiiimiiiiiinimimtii 

SUE!  QUEUE ■!!,,,, MATO;  CREH 

1 

;  HUPREFLIGHTim 

;  m  iiumiiimi 

OUES  QUEUE ''£),,,,  MATO;  MISSION 

hat:  MATCH. 9.QUE6/ACC.QUE5/ ACC; 

ACC  ACCUM, 0.0, LAST;  ATTACHES  MSN  TO  OPEN,  RETAINS  MSN  ATTPIB 

ASSIGN, ATRIB! 13) =0,ATRIB!4)=TN0W. ATRIP (8! -TNON;  LEE  NUMBER  INIT-0 

ASSIGN,  XX!18)=XX!IB)-!; 

SOON, 1; 

ACT, ETON'S. 3), ATRIB(i71.NE.O, FLY!;  BRAVO  CREW  FLYING  'ADD  !  HR  TVL ) 
ACT/ 22 ; 

assign,  mi?)*uno>-:.; 

SOON,  I; 

ACT/:, UNFRMC.O,:.:, TUTU), FLY;  ON  TIME 

ACT/27, LKFRMI2. 3, XX (IOJ ,2i .XXtS) .FLY;  PREFLIGHT  <  MAT  RAMP 

ACT/7, TRIAGTXX Hr) , XX (10) .XX CO) , 3). XX (6) , XCL;  RAMP  EXCEEDED,  SESHEDULE 

imimmttmtmttmmtmtmmmttmmmtmtmtmmmmumt 

;  IIUMISSION  SORTIEim 

FLYl  ASSIGN, ,ATRIBil7)=0;  BRAVO  UTILIZED 

CLY  SOON,  1; 

EVENT.!, 1;  COMPUTE  NEXT  LEG  &  fLv  *IME 

SOON. 1 ; 

ACT/ ! 9 . , TNOW»ATR I B (3! -ATRIB le' . GT . ! : , MEEH; 

;  WILL  EXCEED  BUT >  DAY  ON  NEXT  LEG 

ACT':*,.,; 

ASSIGN. XT 'l°'=ATR!B'3;-.5,  (X  -jy-  =mt&IS  C'  +  <. ; 

ASSIGN,  iT-::  =TR!A6!XX'!0)  .ATC'IB!3) .  XX  ICO!  ,4) ; 

ASSIGN, ATF IB1.*' =ATPIB:7‘  »iT  iOI! ; 

ASSIGN,  ATC'!p:::):ATRIB'l!'*XT-':i); 

ASSIGN. XXi!3i=XX::3)tl; 

SOON, 1 ; 

act, 5. yx -:i  . ATRip-i:,. es.xx'::: :hcme;  nett  home 

ACT,!,fT-:i); 

ASSISN, XT i 18)  =  <  < i IS 1 -1: 

A33iSN,TX'::;-TN0w-'T':i).TT':!-=«;:;)-a‘:7); 

ASSIGN.  (X (33 .•  =X!£ ■' :=>  1 X t  ■  ;XT::S;-A”I?,',  : 

;  :3MPUTE  ACHIEVED  JTE  RATE 

itumtittuimimmuttitttiittimtttitttttmttmmtttittiitmtmtm 
;  UMENFOL,TE  S~OPS«*»» 

jittttitmittitittttmttfttutttitittiiitimimutimmutmimtumttt 

SOON,  1 ; 

ACT  :..ATP!B(J!.E3.1. .STAGE;  STAGE  OPEN 

ACT; 

GOON; 

ASEIGN,  ATF  !B ■!  i  •  =mTPIP  ■' O' ; 

ACT  E. FNC0"1:. '..I!. O'. .CLV; 


SCHEDULED  END  *T*E 


HECK  SOON;  DUTY  DAY  EXCEE9EP-MECHANICAL  STAGE 

flSSIEN,HTF!r‘!2!=ATP!E\l)  jATPJB' 13!=ATP!B''!3)-1; 

ACT,,,STAGE; 


HOME  STATION  DUTY  DAY  EXCEEDED 
WHICH  BASE? 


CYCLE  IF  ALERT  WINDOW  EXCEEDED 


STAGE  GOON; 

ASSIGN. XX (30) =XX (30!  +TNOW-ATRIB <6) ;  ACCUH.  DUTY  TIME 

ASSIGN, XX!!8)ZXX(18)+1; 

EVENT, 10, 1: 

COLCT.INT(o), DUTY  DAY, , 1 ; 

ACT/26, , ATRIBI2) .EQ, 10, XCLD;  HOME  STATION  DUTY  DAY  EXCEEDED 

ACT, ,ATRIB(2) ,EQ. ll.CYYR;  WHICH  BASE? 

ACT, ,  ATRIB  (2! ,EQ. 12,E6XX; 

ACT, ,ATRIB(2)  ,EQ.  13.KPXX; 

ACT, , ATRIP (2' .EQ.  14.CYXX; 

ACT, , ATRIP !2) ,E9. 15, EDXX; 

ACT, ,  ATRIB ‘2)  .EQ. lc,ENXX; 

ACT, ,  ATRIB !2) . E3. 17, KTIK; 

CREATE,j,*),,  1,1; DUMMY  T0  INIT  QUEUE!?) 

ACT; 

QUE?  QUEUE!0);  CYCLE  IF  ALERT  WINDOW  EXCEEDED 

ACT; 

GOON,  1; 

ACT,, ATRIB !2).EQ. 10, 9UE2; 

ACT, .ATRIB (2) . EQ. 11 1 CY; 

ACT,,ATPI5(2).EQ.12,£B; 

ACT,, ATRIP'2). £3, 13. KP; 

ACT,. ATRIB!"!. EQ. 14. 2VX; 

ACT, . ATRIB 12) . E2. 1 5, ED; 

ACT,  ,ATP!B(2! ,E0, li.EN: 

ACT , . ATP  I P • 2 » . EQ. IT.KT; 

ACT: 

TERH; 

;  tiimiitmmtutmiMtutnmmtttiittutittiitttttttmtitttiuttutim 

;  m»STAGE  BASE  SUBPPOGRAMSIIII 

lUttmmttntmttttittmitittitiiuuitimtminmtttittmtmmutm 

;  CYYR  STA6E 

CWP  50CN.1; 

ACT, ,ATFIB!1’ ,EQ.ATP!B''2) ,ME11;  ARRIVAL  CUE  TQ  MECH  STAGE 

ACT; 

COLCT,BET,:NTE=  AT  :y,-e,,..  INTERAP'IVAL 

MEM  SCON,:; 

ACT,  ,.311.': 

ACT; 

GOCN.l: 

ACT  .21.  FHOPHCi., AT°IB(!1).GE.  XT !  2 ' .  -2P .  ATP  1 3  i !  2  ■ .  5E .  X  Y  ( T  > ,  DEAD : 

:  2HECK  3C/90  T!ME  ■  DEADHEAD  ACME  I?  EXCEEDED 

ACT: 

CY  SOON; 

ACT.'JNFPM'i:. ,  H.  .2):  OPEN  REST 

ASSIGN. ATRIP i 14) =TNON; 


o 


ACT.. .2112; 

QUEUE!"! '....MAT';  ACFT 

QUEUE  ill) , , , ,HAT3;  CREWS  AVAIL 

MATCH. 5,21 11/AX1,Q112/AC1;  MATCH  ACFT  WITH  CREW 

GOON; 

ASSIGN.  XT  (31)=AT(-IBT1> ,  XX !  32)  =ATF'1B  (2) ,  XX  <33)  =ATPIB  f  3) , 

«XT34>=ATRIB!4) , XX (35) =ATRIB ( ? ? . XX (36) =ATRIB ( 13) , 

XX  ( 37)  =ATR  IB  ( 1  ?) ; 

ACCUM, 2,2. LAST; 

ASSIGN, ATRIB (1 ;  =XX (31) , ATPIB(2)=XX(32),AT*}IB<3)=XXi'33) , 

ATRIB  ( 4) =XX  f34) ,ATRIB(?!=XX!35!  ,ATRIB(13)=XXI36) , 

ATPIB<19)=<XT37) .ATRIB (201=0; 

ACT, , . CCNT; 

EGXX  STAGE 

SOON, 1 ; 

ACT, .ATRIBili ,E3. ATRIB <2' .ME12; 

ACT; 

COLCT, BET, INTER  AT  E5XX , , 1 ; 

GOON, 2; 

ACT, ,,3121; 

ACT; 

SOON, 1; 

ACT/2! ,RN0RM(26. ,3. ,3) ,ATRIB(11) . SE . XX  <  2 ) . OR. ATRIB ( 12) ,GE. XX (3) .DEAD: 

ACT; 

GOON; 

AC7,’JNFFM'!3..14..3): 

ASSIGN. ATR!B(’6i=TN0W; 

ACT. ,,3122; 

QUEUE •:22i.,,.«AT4;  ACFT 
QUEUE 1 12? . . , ,MATl;  CREWS  AVAIL 
NATCH.  3. 0121  •iX2. 3122/AC2; 

GOON: 

ASSIGN, XX  '31  >  =ATRIB <  1 ) , XX  i32!=ATR!5(2: ,  IT  '33''=ATRI?{3' . 

(I.  ;:4'riTc  rp'i, ,  it  •:;>siTP!B<°>,xif/34)s6TeiBU3) , 

XX'.r-sA'PIBMS.. 

ACCOM. 2. 2, LAST; 

ASSIGN.  hT  '  IB  •  1 )  =  <  X  '31:  ,ATR!Bi2)=)'Xi;2!  .ATPIBC'^XT  !33) , 

A7R I p ; 4 '  =  f ) ' 3A 1 . ATRIP ’ J' =)K  ’33i , ATP ’A 1 1  pi rVJ ■ C6) , 

ATRIr 1 1 0 ■  =  f  X '3") .AT5 IB 1 20* =0; 

AC  T . , , 22NT ; 


k?U  STAGE 


fn  GCGN.l; 

ACT.  , ATR'n;  !'i  ,E3. ATRIB '21  .ME  13; 
ACT ; 

COLCT. BET.  INTER,  at  kPTX.,1: 


ACT/21.RN0R«(24. .3. ,’3 . ATR IB ( 1 1 i . SE. XX (25) . OR. ATPIB ( 125 . 6E. XX (3) .DEAD; 
ACT! 

KF  SOON; 

ACT, UNFPM ( 13. , 14, ,3) ; 

ASSISN, ATRIB< 16)=TNQN; 

ACT,,, 3132; 

3131  QUEUE ! 23),,,, HAT5;  ACFT 

Q132  QUEUE! 13),,,, NATS:  CRENS  AVAIL  H/2 

NATS  HATCH, 5,81 3i /AK3, 31 32/AC3; 

AX3  SOON; 

ASSI5N, XX (31 ) =ATRIB ( 1 ) , XX (32) =ATRIB ( 2) ,  XX (331=ATRI8(3! , 

XX (34) =ATRIB  f  4) , XX (3S) =ATRIB (?) , XX (36) =ATRIB (13) , 

XX (37) =ATPIB( 1°) ; 

ACC  ACCL'N,  2, 2,  LAST ; 

ASSIGN, ATRIP (l)sXX (31 >,ATRIBi2)=XX (32) ,ATRIB,3!=XX!33i , 

ATR  1 8  < 4>  =XX (34) ,ATR!B!9)-XX(33) , ATR!B!13)=XX (36) , 

ATRIB ( !?) =XX ! 37 ' , ATR I B ( 20 ) =0 ; 

ACT, , ,CONT; 

j  CYXX  STAGE 

Cm  SOON,  1; 

ACT, .ATRIB (1) ,EQ.ATRIB(2) ,NE14; 

ACT; 

COLCT. BET. INTER  AT  CYXX, ,  1; 

HEM  SOON, 2; 

ACT., ,8141; 

ACT; 

600N.1: 

ACT/21. ?N0RN!24. ,3. ,3) ,ATPIB( 11) ,5E,XX i2) ,GR.ATRIB(12! .5E.XX *  3) , DEAD; 
ACT; 

CYI  SOON: 

ACT.UNFRH! 13, , 14. .3! ; 

ASSIGN. ATRIB(16)sTN0«; 

ACT, .,3142; 

314!  QUEUE'! 24' , ...HATe:  ACFT 

314'  QUEUE'  14).,,, NATe;  CREWS  AVAIL 

WAT i  HATCH.!, 31»!/AX4,Q142/AC4s 

AX 4  SOON: 

ASSIGN.  XX (31  UATPIB'l  ,  (X  32i=uT^!B'2'  ,XX  '!3'=ATP!B''3; , 

?X'34t=ATRtg'4t,  XX(3E)*ATR!?f0> .  XX  (3t  >  =£,T°  I B  ( 13) , 

XX<;-:=ATR!6'!°>; 

AC4  ACCJN, 2,1, LAST; 

ASSIGN, htF.!B( !'  =  <X'3!)  .ATRIBiimx '32' , AT0!B'3'; m '3:- . 

ATF  IB(4)  =  XX  '34) ,  ATF  IB(9)  =  XX  i3!1  ,ATRIB'!3!  =  <  -"36) , 

ATF:IP(1°'=XX(3T:  ,ATF!B<20>*0; 

ACT...CONT; 


EDXX  GOON. 1 ; 

ACT. . ATFIBil ! ,EG. ATRIEtC' ,NE15: 


EC-XX  STAGE 


CCLCT, BET, INTER  AT  EDXX.,1; 

ME15  GDON, 2; 

ACT. ,,3151; 

ACT; 

SOON,  1; 

ACT/21,RN0RH(24.,3.,3) .ATRIB(ll) .GE.XX (2) .OR. ATRIB (12) .GE.  XX  !3> , DEAD; 
ACT; 

ED  GOON; 

ACT , UNFRH (13.,14.,3); 

ASSIGN, ATR1B(16)=TN0«; 

ACT,, ,9152; 

3151  QUEUE !25),,,,MAT7;  ACFT 

9152  0UEUE!15!,,,,flAT7;  OPENS  AVAIL 

TAT7  NATCH, 5,Q151/A«5,fll52/AC5; 

ASSIGN. XX <2!’=ATPIB< 1) , XX (32'=ATPIB<2) , XX (73) =ATP!B(3) , 

XX  !34)=ATRIB'4> ,  XX  '35'»  =aTRIBT?) ,  XX  <36>  =ATP  I B  U3) , 

XX (37) =ATR!B ( 1?) ; 

ACCUN.2,2,LAST; 

ASSIGN,  ATRIP  •!  1  >  =XX  (3 1  > .  ATFIB  (2)  =XX  <  32) ,  ATRIB  ( 3) =XX  (31) . 

ATRIB 14! =XX ( !4) , ATRIB '9) =XX! 35' , ATRIB! 13! SXX  !36) , 

ATRIB f 1 °) =XX (37 ) , ATRIB ! 20) =0; 

ACT , , , CQNT ; 


AX5 


ACC 


;  ENXX  STAGE 

ENXX  GOON,  1 ; 

ACT,  ,ATRIB(!) .EQ.ATRI9I2) ,NE16; 

ACT; 

COLCT,BET, INTER  AT  ENXX,,!: 

-Eli  GOON, 2; 

ACT, , ,0161; 

ACT; 

GOON.!; 

ACT/21 . FNGPN (24 .  ,3.  ,3!  ,ATRIB(!1) .GE.  <X \2‘ . OR. ATF. IB < !2)  .cE.XX '3! .DEAD: 

ACT; 

EN  BOON: 

ACT.UNF'H'13.,14.,3!; 

ASSIGN, ATRIB(li)=TNON; 

ACT. ,.0162; 

2151  QUEUE !26i,.,, NATS:  ACFT 

9162  QUEUE ili),,., NATS;  CRENS  AVAIL 

NAT?  NATH,  5. 91  si  'AX6,Qls2/AC6; 

AXc  ASSIGN.  XX!31i=ATF!BU -.XX 'TEJ^PIBC'.TXCTi^rPIB!!'. 

XX  f'ltruTRIBii' , XX'35'=ATPIB'0! , XX '3fci -ATRIB1 131 , 

XX(3"'=ATRIB;13): 

ACs  ACCL'M.  2 , 2.  LAST ; 

ASSIGN. ATRIB! 1) -XX (31 1 ,ATF!9'2!=<Xi32', ATP!?!;. =XX (;3) , 
ATtIB(4»sXX.'34).ATRIB!?*=XX'!5;,ATPIB!13!sX<(36», 

ATRIB! !9)=XX(*7) . ATRIB  X  20) =0; 


;  KTIK  STAGE 

KTIK  EOCN.l; 

ACT, ,ATRIB<1) ,EQ.ATRIB(2) ,WE!7: 

ACT; 

COLCT, BET, INTER  AT  KTIK., 1; 

HE!1  GOON, 2; 

ACT, , , Q 1 7 1 ; 

ACT; 

GOON, 1; 

ACT/71, RN0RN(24.. 3., 3>,ATRIB(11).6E.  H(2!. QR.ATPIBUZl.eE.m!), DEAD: 

ACT; 

KT  GOON; 

ACT,UNFRH(13.,14.,3) ; 

ASSIGN, ATRIB(16)=TN0N; 

ACT, , ,3172; 

0171  QUEUE (27),,,, HAT9;  ACFT 

9172  QUEUE: 17),,,, MAT9;  CREWS  AVAIL 

MAT?  MATCH, 5, Q1772/AC7; 

AX7  ASSIGN, XX (31 ) =ATRIB ( 1 ) , IX (32) =ATRIB (2) , XI (33) =ATR  IP  (3) , 

XX (34)=ATRIB(4> , XX  <35)=ATRIB(?) , X X ( 36) =ATRI B ( 13) , 

XX (37) =ATRIB  < 19) ; 

AC1  ACCUM, 2, 2, LAST ; 

ASSIGN,  ATRIB(1)='<X!31),ATRIB(2)=XX(32> ,  ATRIB  (3)  =XX  (33) . 

ATRIB(4)=XX<34), ATRIBI9) =XX (35! , ATRIB ( 13) =XX (36) , 

ATRIB ( 19 )*XX (37) , ATRIB (2Q)=Q; 

ACT, , , CONT ; 

;itttmttttttmmttttmttmimtmmmmmjmjsmtttttstmitmmt 

!  IIIIMISSION  CONTINUATION* 

iiiititiiimmsmtitttimttitttttttitittttittttitttttiitiiitttttttiitttitttt 

30NT  GOON; 

ACT/23;  ENROUTE  DEPARTURES 

ASSIGN.  XmoirATRIBC!5'-.  !,n(2D)-ATRIB(l°!+.  2,  XX  (TSi  =XX  (101-2; 

ASSIGN, XX;i8)=XX(16)-l; 

ASS!GN,ATR!B(l)-ATRIB!2),ATR!B!o!-TN0W.!;  PRESENT  NGDE=ATRIB!2! 

ACT/4. UNFRH'IX ( 1?) . H (20) ' . IX (4), FLY;  NO  MAJOR  NX 

ACT/  23 .  UNFRH  <  XXI 20 ' .  XX  •'  1 0  > ,  2' .  XX!  Z ) .  FLY ;  DELAY 

ACT. '6. TRIAS (XX (33' ,  XX  ■'  10! ,  XX !  10)  .3: .  XX  (4* . STA6E;  RAMP  EXCEEDED 

:  IttlCK  MISSION  QUEUES  PQR  WAIT  TIME  AND  ALERT  NINDQWSIItl 

itiitHituiuiiituiutitiiiittiiitttttuttititutttmitnimtittuiitimtii 

CREATE, I.!., 3340,; 

EVENT. 2; 

EVENT, 12; 

TERM; 

;  lit  I  HOME  *  *  t* 

jlttttttttltttltttttttttltttttltttlttttttltttttttttlttlttttlttttlttttttlttttttlt 

NOME  SOON; 

EVENT, 10,1;  UPDATE  30/90  TIME 

COLCT. INTO). MISSION  LENGTH;  TRACK  MSN  LENGTHS 

COLCT, INTIiw, LAST  DUTY  DAY;  TRACK  FINAL  DUTY  DAY 


A5SI6N. ATRIB f 10>  =flTRIB (1 0) +THOM-flTRIB (3> ;  TRACK  TIME  ANAY 

SOON; 

ASSIGN,  XX 18)=XX(18)-1; 

ASSIGN, XX (26) =XX (26) +ATRIB (7) , ATRIB (7) =0;  ACCUMULATE  FLYING  TINE 

ASSIGN, XX(25)=XX(2e)-XX(27) ;  FLY  TINE  THIS  PHASE 

ASSIGN, XX (30) =XX (30) +TNON-ATRIB(i) ;  ACCUM.  DUTY  TINE 

ASSIGN, XX (23) =TNOW-XX (24> , XX (39) =XX (30) -XX (40) ;  DUTY  TINE  THIS  PHASE 
ASSI6N, XX(41)=XX(9)tXX(23) /730. 56,XX<41)=XX(3?)/XX(41);  AVG  WORK  NONTH 
ASSIGN, XX(42)=XX(9)*XX(23)/730.56,XX(42)=XX(25)/XX(42) ;  AVG  FLY  HRS 

ASSIGN, XX (43) =XX (43) +TNOW-ATRIB !8) ;  CUN.  TINE  AWAY 

ASSIGN, XT (44)  =H (43) -H (45) ;  TIME  ANAY  THIS  PHASE 

ASSIGN, XX (46)  =XX (9) in  (23)  /730. 56, XX ( 461  =X X ( 44)  / XX  ( 4i: :  AVG  TINE  ANAY 

ASSIGN, XX(17)=XX(17)+t;  ACFT  INBOUND 

COLCT, XX SYS  FLY  TINE,,2;  FLY  TIME  THIS  F^SE 

AET,'-'SEFF!2),, START;  CPE*'  AVAIL. 

ACT, USERFiv);  ACFT  NX 

FREE.A""/!; 

ASSIGN, XX '  171 =XX ( 17) -I;  RESET  COUNTER,  ACFT  INBOUND 

ASSIGN,  XX(l8)*XX'.IS>t<; 

TERM; 

itmmmmtmmmmmtmttmmttmtmmmmmtmtmmmm 

;  miUNSUCCE!:t"JL  HOMESTATION  PREFLIGHTUU 

;it)titttiiittittiitttimmmittttiiiimtttmitmttimmtttimiiiiitm 


?CL  GOON; 

ASSIGN, XX (30) =XX (30) +TNOW-ATRIB (6) : 
ASSIGN, XX!IB)=XX!!S)+1; 

600N.2; 

ACT. . , START; 

ACT  'VJNFRMd, 12,2) ; 

EVEN1.’.;: 

ACT/23,  ,ATF:  IB  (!')  .NE.O,  DUES; 

ACT; 

GOON, 2; 

ACT.,. 310; 
rREE, ACCT/1; 

TERN; 

XCLC  GOON: 

ASSIGN,  XX f  7 0 '  =  T X  'CC'*TNQW-AT<}!B'6) ; 
SOON, 2: 

ACT, , . ETART; 

ACT; 

EVENT, I. I; 

ACT.. ATP!P'!’'. HE. 0. SUES; 

ACT; 

GOON,  2; 

ACT.,, 310; 

ACT; 

FREE, ACFT 'I; 

TERN; 

XCLA  GOON.!; 

ACT; IS; 


RAMP  EXCEEDED 
ADD  DUTY  TINE 


CREW  PACK  TO  CREW  CEST 

IS  BRAVO  AVAIL’ 
BRAVO  AVAIL-REMATCH 


RESCHEDULE  MISSION 


DUTY  DAY  EXCEEDED  AT  “CUE 
ADD  DL'TY  TIME 


IS  BRAVO  AVAIL’ 
BRAVO  AVR!L-BEMATCH 


RESCHEDULE  MISSION 


COUNT  MISSIONS  CANCELLED  DUE  TD  NO  ACCT 


•  oXcitf-v. --!• -O -S  >1;  • 


■  unnunntunmunmmmtmmmmmummmttmutumnttu 

;  UNSCHEDULED  MA!NTENANCEUU»H 

;utmmmuuuuutuututuuuuuimuuuuuuutm>tiuuuifiuti 

;  A.C.I  AND  REFURB  NOT  ACCOMPLISHED  DURING  SURGE 

;  HQMESTATIQN  CHECK:  0  DAYS  DOWN  EACH  SO  DAYS 

CREATE. H (47), 0; 

AWAIT!!!, ACFT; 

ASSIGN, XX!18!=YXtl3)-l; 

ACT/I0. RNORM'48. ,!.,'); 

ASSIGN.  XX!18'=XX!18)+1; 

FREE, ACFT/ 1 ; 

TERM; 


REFURBISHMENT:  10  DAYS  DOWN  EACH  IS  MOS 


CREATE, XX!«B!,0; 

GOON,!; 

ACT,. XX'*?? .EQ. I, TERM; 
ACT; 

AWAIT!! '.ACFT; 

ASSIGN, XX(18)=XX'18)-1: 
ACT/30, RNORM  <240. ,5.  ,3) ; 
ASSIGN. XX (13) =XX ( IS)  +  1 ; 
FREE, ACFT/1; 

TERM  TEPM: 

;  A 

CREATE, U 'CO' . IDO; 

SOON.!; 

ACT, .  WHO'  ,E5. l.TERM: 


A.C.I.  'REPLACING  ISCCH):  CO  DAYS  DOWN  EACH  CS  MGS 
APPITFARILY  START  ij  <00 

NO  INSP  IF  SURGE 


AWAIT'!'. ACFT; 

ASSIGN. VX'!2)=XX!!9)-I; 

ACT/CI.R'IOPM'"''.  .10..C) : 

ASSIGN, XX(I3'=<T '!3)+l; 

FREE.  ACFT.’!; 

TERH; 

juuittuuumutuutmutumtmttmtuuuumuuuuuuuumuu 

;  UUDEADHEA.D  JOME:  EXCEEDED  FLY  ~!KEUU 

liufutuutuuttuuuututtuuumuumumuuuuuumtuinttuu 

DEAD  OUEUE'T); 

ACT; 

COLCT,  ,M!SSION  LENGTH:  TFAH'  ‘,IcSIrN  •  «!S*H 

ASSIGN.  -TF!E'!0',=“TRTEi!0'+TNOW-ATRIP!3);  ’:M"  AWAY 

ASSIGN. n(!v!*U 'C0)*UNFW,9., li. ,2.', *XC:!sTNGW-U?C4!; ADS  DH  ’IME  '0  DTV 
ASSIGN. aY'1C'  =  (Y 'A:'*TNOW-ATRIE(S' .  XX (4l'=XX(4T!-(X  !45) ; 

ASSIGN. XX'lA)  =  nfO'UX';C)  r>Z<i.lh.n<*b)*WM)  XX ‘••at;. .  AWAY 

ASSIGN.  U-:?X*»X':0’-»XUO); 

ASSIGN,  X X ' a  1 !  =  < X  < 0 ■>  I X X  ■' 2C 5  /’CO. EG, XX !41'=XX  !C°!  'XX '41!:  WORK 

GOON; 

ASSIGN. XT !CE! sXX!SS)+ATPIP (I*!, AT®IS ACCUM  rLv  TI’,E 
assign.  rx'cs'iTTiCE'-xx  ■:;?); 


COLCT, XX SYS  FLY  HUE,.:: 
flCT.’JSEFF  STfiRT; 

ACT; 

TERM; 

ENCNETWORK; 


CREW  AVAIL 


tumuttmmuuttmtnmttummtttmttutmmmumttuttutttu 

ItMDESCRIPHON  OF  COKPONENTStm 

mttitttmttmmmmtmttmmmimmmtttmmtmmmmmm 

SUEL’ES 

!)  HOME  STATION  SCHEDULED  MAINTENANCE 
2!  CREW  PRIOR  TO  MISSION  ASSIGNMENT 
3!  MISSION 
4!  AWAIT  ACFT 

0)  OREM  PRIOR  TO  MATCHING  WIT«  MISSION  ''MAT;} 
i!  MSN  PRIOR  TO  MATCHING  WITH  CREW  'MAT2) 

7)  DEADHEAD  TRANS ITT  ON 
5)  BRAVO  CREW  "ILE 
R)  BRANCHING  POP  WINDOW  (FORTRAN) 

10!  ENTRY  TO  BRAVO  IF  CREW  REST  NEEDED 
11-17!  CREW  ENROUTE 
20-07)  ACFT  ENROUTE 
ACTIVITIES 
H  CREW  CEST 
2'  STAEE 

3!  RREFLIGHT  HOME  STATION  -  ON  TIME 
4'  SREFLISFT.'MX  v  STAGE 


RAMP  EXCEEDED  ENROUTE 
7)  RAMP  EXCEEDED  AT  HOME 
?'•  OUT  Or  TUPN  END  HME 
01  MY  ;fTr;  '(ri_ 

ID:  NUMBER  0 r  MISSIONS 
11-17’  BASE  COUNT 
IB:  CANCEL  NC  ACFT 
1?:  DUTY  DAY  CANCEL 

2‘.',  rv^rrr.c  -f,  oj  1  ;m'TO 


“IT;  AT  HOME 

mitc  T>j  cyc-CM 

LLED  PRIOR  '0  - R£FL I GHT 


CO’  *  MSNS  NOT  CANOE1  LED  PRIOR  ”0  cfi£F' ; GHT 

:::  »  enrcute  missions 

04  :■  departures 

2Z';  BRAVO  CLIES 

2:!  DUTY  DAY  XCL  AT  HOME 

27’  PREFLIGHT  HOME  STATION  -  LATE  OSR&FTFE 

OS'  "EFLIGHT  ENROUTE  -  -ATE  DEPARTURE 


APPp3ACHIH5  :?  DA7  limits 
33!  APPROACHING  =0  DAY  LIMITS 
:;t  DREW  fE=T  -OF:  BRAVO 
USERFE 

’!  FLY  TIME 
2)  HOME  CREW  FEET 
3!  MX 

4)  CALC  MISSION  FREQ  T0  MEET  T'JR 
I)  STAGE 


ATTRIBUTES 
!'•  PRESENT  NODE 
2!  NEXT  NODE 
3:  SORTIE  FLY  TIME 
4)  STAGE*! 

I!  BASICS 

6!  SHOW  TIME  FIR  DAY 

V  CUM.  FLY  TIME 

8)  SHOW  TIME  FOR  MSN 

?)  ROUTE  NUMBER 

10!  CUM.  TIME  AWAY  FROM  HOME 

II!  CUM.  FLY  TIME  FOR  30  DAYS 

12)  CUM.  FLY  "IME  FOR  30  DAYS 

13!  WHICH  LEE  NUMBER 

14)  CREW  ID 

15)  DAILY  CUM  FLY  TIME 

16)  START  'I ME  MI EC 

ITT-  MISSION  FOR  BRAVO  CREW 
13'  EVENT  NUMBER 
IE)  ECHED  GROUND  TIME 
SLAM 

1!  STAGING  FOLIC7  -  I  CREW  FOR  E 
C-  30  DAY  -L:  *IME  JMIT 

'!  or  "iy  v  t<v:  i  iMr 
AT  OS-TJME  PROBABILITY 
5!  DELAY  S6OBABILrv 
RESCHEDULE  PROBABILITY 
7)  PERCENT  AVAILABLE 
S'  CREW  RATIO 
?!  I  CREWS  CREATED 

MAV  C’HC 

11!  ALERT  WINCCW 

12’  4  OF  HCL'CS  AFtE~  '4u7ru.  MSN  'S 

::lnter  *:f.  crew  id 

14'  'TNG; 2’ 

I!’  M!SSICN  FREQUENCY 
16;  RESOURCE  30UMT  OF  INBOUND  Arc 
!"•  -CFT  HOME  CENC!N6  MAINTENANCE 
18!  4  CHC  iCFr 
M!SC 


22;  NUfiBER  OF  LEE: 

I!'  TIME  SINCE  DHASE  CHAN5E 

24)  TINE  2F  PHASE  CHANGE 

25!  FLY  TINE  SINCE  PHASE  CHANGE 

26!  SYSTEM  FLY  TINE 

27'  FLY  TIME  AT  PHASE  CHANGE 

28!  UTE  SATE 

2°'  t  ACFT  CREATED 

30)  ACCUN.  DUTY  HOURS 

31-37!  SAVE  ATTRIBUTES  AT  STAGE  BASES 

38!  NISC 

39!  DUTY  TIME  SINCE  °HASE  CHANGE 
40'  DUTV  TINE  AT  PHASE  CHANGE 

41)  m  WORK  "CNTH 

42)  A VS  M0  civ  HOURS 

43!  TCT4L  T!HE  cp0N  HONE 

44'  TINE  AWAV  SINCE  °HASE  CHANGE 

45!  TINE  AWAY  AT  °HASE  CHANGE 

46)  AVG  NO  TINE  9R0N  HONE 

47'  FREQ  OF  ^SC 

48'  HRE3  OF  REFURBISHMENT 

49'  0=PEACE,  1 -SURGE,  ^SUSTAINED 

50!  FREQ  OF  ACI 

51)  SENE5ES  FROM  RESCHEDULING 

52'  STAGE  CREW  UTILIZED 

53'  INSET  FOR  "FEW  S£ST  '2=PEACE  'SUSTAINED,  4*«UP5E> 

,,  „ty  -;f)E 

55  -0  :;v  ry  HIE 

5:  i  EKCEECINS  FLEET  WINDOW 

;2f  2AvS  4c  PEACE. 45  SURGE. 45  GUST 
T'  'no.::::;:'  x, 4444:45  nc.55'5'  nc 
»ir_:coofs^  SC.  lr'lf'l!P,li'1'  NC: 


FORTRAN  Mam 

PROGRAM  MAIN 
DIMENSION  NSET '40000) 

COMMCM/ scorn  /  ATR 1 3  ■  1 00 ) ,  DB !  1 0C ) ,  DDL '  1 00 ) ,  DTNOM ,  1 1 ,  MFfl ,  ilSTDP ,  NCLNR 
1 .  MCRDR,  NPRNT .  NNRUN ,  NNSET , NTAPE , SS !  100) ,  SSL !  100! ,  TNEXT,  TNQW,  XX  ( 100) 
COHKCN/BR !  AN/  NUMRTE ,  SASIC !  10) ,  NLEGS  <  10) ,  FREQPC !  10) ,  T'JPPC,  TUPSG 
! , NBASEi 10,0: 105 , STAGE '10, 10? , SET' 10, 10) « SAT (10, 10' ,NACFT, ROUTE 
1 ,  FP.E3SU  (10?,  FPEBS6  (10),  TLiRSU,  HRSHQ,  EXPEL Y ,  SB 
C2HNCN/FLY / ACFLTN ( 1 60. ?1 ) . HAN, N 
COflMGM  9SET (40000! 

EQUIVALENCE (NSET ' ! ) ,  3SET ( 1 ) ) 

NNSET =*0000 

NCF;DR=5 

NPRN"=i 

NTAPE=7 

NPL0T=2 

CALL  SLAM 

STOP 

END 

SUBROUTINE  EVENT 'JEVNT) 

SO  *0  ‘1,:,:, 4, 1,6,7, 9, 3,10,11, 12)  JEVNT 

CALL  BRAVO 

EET,JRN 

CALL  CANCEL 

CETURN 

CAL'  ,<rr'js 

:'ET!JRN 

CALL  MISSION 

RETL'RN 

CALL  NETT 

RTL'RN 

CALL  S'ASECF 

•TURN 

CALL  SURGE 

‘TURN 

CALL  :'JST4IN 
RETURN 
CALL  :cBFA'v' 

:ETL'RN 
CALL  JPFLT« 

RETURN 
CALL  aAFM'JP 
RETURN 
CALL  AINDCli 
•TURN 
END 


SUBROUTINE  BRAVO 

immimmmmmmimiiimmimE  bravo  crew  available' 
OONSOK/SOORl/ATRIBIlOO' ,35'IOC’ ,DDLI10C5  f2TN0«, ::,HFA,SSTOP,NCLNR 
1 , NCRDR, NPP.NT, NNPUN, NNSET,  NTAPE,  ES !  100) , SSL !  1005  , TNEXT, TNGW,  XX 1  ICO) 
COMMON  2SET!  40000) 

DIMENSION  NSET (40000) 

EQUIVALENCE iNSET (10, QSET ( 1 ) ) 

DIMENSION  A (30) 

NB=NN9(8) 

IF  (NQ.E9.0)  SC  TC  12 
CALL  RMOVE : 1 , 3, A) 

A  <9) =ATRI3 (Q) 

Ait)=TNON 
A(8!=TNCW 
A  (1 7  >  =  1 
XX(EO=I 
CALL  "!LEN'5,A) 

ATRIB!!7;=! 

CALL  UP8PAV 

RETURN 

END 

SUBROUTINE  CANCEL 

t»mi*UCANCEL  IF  IN  SCHEDULED  MSN  QUEUE (35  FOP  HOPE  THAN  1C  HRS. 
C0MM0N/SC3M! /ATRIB ! 100) ,38(100), DDL !  100? ,  BTNQN, II.NFA, NSTOP, SCLHR 
1  ,NCPDF , NP°NT, NNPUN, NNSET, NTAPE, SS (100) , SSL !  100; , TNEYT, 'NOW, X  X  - 1 00 1 

’VMnjjcrnw  mc£t  ' 4 r,000) 

COMMON  CSET'1OCOO: 

INTEGER  :ANK 

EQUIVALENCE  'NSET  •:  1 1 .  CEE"  ■'  1 1 1 
DIMENSION  B;34) 

RANH= 1 
NY=NN9(3) 

IF ''RANK.  ST.  NY'  SC  *0  I! 

CALL  CCF"'"5ANF.:,B) 

TT=TNOW-?'l; 

I?  .e. x x ' i c : ■  c-c  To  ii 

CAL.  PK07E;»ANK.:.2> 

NV=NY- I 

XX (31 . =<X  El ' *1 

/y  :Vy  ::7)  +  1 

SC  ”  ' 

RETURN 

END 

SUBCCLITINE  'IDL’p 

mtmtmttmtumtmmtmtmmttmcHANC-E  day  ccf  l'fclt' 


OWN  TODAY 


CDrrtN/SCUrl.'A  PIB'IIOO! . DD1 1 ?C;  .DDL  HOC'  ,DT'O.II,',FA, “STOP, NCI 
,  NCRDR,  *)P P"T,*.'NR"N,  NNcrT.  NTAPE.  SS '  1  '•<" ,  SS!  '  L'C  ,  7 N E X T ,  TNCW,  !'■  1 
COMMON ;CL '  3CFL*U “AN. N 


■  *  .  ’  ~  s  •'  /.  V, 


-  '•  ,'-  ,N  ,V 


if  'n.es.=i;  then 

N=1 

ELSE 

N=N+1 

ENDIF 

DO  30  1=1,160 

IF  (N. E3. 1 . AND. ACFLTM !L, N) . LT. ACFLTH <L, N+l ) )  THEN 
ACFLTH  tL , N) =ACFLTM (L, 9 1 ) 

ELSEIF  <N. EQ- '’l •  AND. ACFLTH (L, N> . LT.  ACFLTH (L,  1 ) )  THEN 
ACFLTH !L,  N) =ACFLTH !L, N-l ) 

ELEEIF  ( N . LE . 90 . AND . N. ET . I . AND. ACFLTH ! L , N' . LT . ACFLTH ( L , N+ !) ) 

1  THEN 

ACFLTH!L,N)=ACCLTH(L,N-!! 

ENDIF 

CONTINUE 

CALL  ECHDL '!, . Ci00E*02. ATFIB! 

RETURN 

END 

SUBROUTINE  HISSION 

utitttuitmmtmummtmtmmmttmimuHiCH  hissiqn' 
ODHRQN/SCQRI/ATRIBdOO'  ,DD!100!,2DL!!00!,OTNON,II,NFA.NSTOP.NCLNR 
1 ,  NCRDR ,  MPRNT ,  NNPUN ,  NNSET ,  NT  APE  .35(1 00 ) ,  SSL 100),  TNEXT ,  TNCN ,  X  X I  ICO ) 
:OHHQN/BF;IAN/NUHRTE,BASIC!10!,NLEES!10),FREQPC!!0).TURPC,TURS6 
I , NB6SE 1 10, ): 10! ,STA6E!!C, 10) , SGT 110, 10) , SAT  f  10, 10! ,NACFT, ROUTE 
1 .  rRE2SU dO! ,  FREncS ' 10) , TURSU, HRSHC, E*PFLY, SB 
!=D5A*ID'C! 

TJHsO 

P=! 

DO  3!  >!,NUHRTE 

IF  ' X '  ’  A c ' . E 9.1'  CLT=CL'H+cRE0FCi3' 

IF  nuo'.ia,;'  CUH-CUHi“REGSG(J) 

IF  f  x • '  A® ’ .  EG .  2 '  C,JHsClJH*csE3S'J'!' 

Ir  "'.EE.  CUN'  s-p+l 
CONTINUE 

:rR!P':'=NBA5E!P,0) 

ATRIP  (O'  sP 

RET,JRN 

END 


SUPFOriNE  'IE X T 

ittttttttmimtitititttitiiitituiitmuHiit»ttitim'iE<T  le: 

-nuMr.i!  ■  jrp-io  '  •  .VM  nn  m  vm  ,  .1  _  T  •  _  “f  A,  NR 

1 , NCR  2 5 . NPCNT, NNR'JN. NNSET. NT APE. SS  'ICO' .  EEL  I V V ) , r'IE'<T,TNON,  ;< ;  I  I I 
Cj“HCN  'B?  IAN  'NUHRTE.  BASIC ,  NLEES '  1  M .  RREORC  I  O' ,  T'jPDC.  ’USS6 
1 ,  NP  ASE  •  1 0 . 1 : !  ?  d  STAGE  •:  1  ? .  1 C 1 ,  S6T  ••  1 C .  1 0 ' .  S  AT  ••  10 . 1 0  ’ .  N  ACFT . £  Cl'T£ 

•  rccjiM-i  ijccxn, P;;cc  v  ;g 

ATRIP IT'  =at°;b 'IT!  *1 
ATS  IP  ’C’  *N9A5E  lAT  IB  ,0d  ATt  IBd3) ) 

ftfc;  j  <— S«AT  ATCTP  ;o'  ( iT"IS f  I"' 

!v,:-:y.z ••atrip  •'>■■.  air  ip  •.  id  > 


SUBROUTINE  STAGECR 
mmmmmmmttmtmmtmtmttttPosiTiON  stage  crews 
CQMION/SCQSl / AIR IB ( 100) , 22 ! IOC) , 2BL  ? !00‘ , 2TN0N, 1 1 , NFA. NSTOP , NCLNR 
1 ,  NCRDR,  NFRNT,  NNRUN.NNSET.  NT  APE,  SS  i  ICO) ,  SSL  '.100) ,  TMEXT,  INCH,  XX  (ICO 
COMMON 'BR I AN/NUMRTE.  BASIC! ID! ,  NLtGS! 10) .  FREOPC '  io) ,  T'JRPC,  TURS6 
l,NBASEil0,0: 10'  .STAGEUO,  10)  ,SGK10, 1C)  ,SAT!IO,  10)  ,MACFT,RC!JTS 
1 .  FRE2SU 1 1?)  , FREQSo  !  10) ,  T'JRSU,  HRSMO,  EXRFLY,  SB 
DIMENSION  NSET' 40000) 

COMMON  OSET (40000) 

EQUIVALENCE  1NSET '  1 ‘ . OEET  :i) 

DIMENSION  A!00) .NNTOT (17! 

dc  :  :=!!, r 

NNTOT ' I ) =0 
CONTINUE 
DO  10  I-l.NUMRTE 

DO  O'1  J=1,NLE5S(I)-1 

IF  (STAGE'!, Jf.EB.l!  TH£N 

SB=HBA3E  ■:  I ,  J) 

IF  (XX'49'.ES.O)  NNTOT (SB)=NNTOT'SB)+FREQPC!I!  KHRSMO/ 

•  rypci  v'  ( j ) 

IF  ;'X\'19'  .E2. 1‘  NNT"  :CE)  =N‘lTOT  -  SS)  *csc]c j  ••  ufsc(<p:  ■ 
:EVC'L-"  "( X !  I ! 

IF  <xx  .EO.C!  NNTOT  'SB!  aNNTOT  (SB!  '■FREOS'J i I ;  I 1 HRSMO; 
:EXcFLr‘.'XX!l) 

END  IF 

CONTINUE 
"“lT'N|lE 
00  0:  '=11,17 

IF  '  XX  ■  4C'  .ES.I-)  WPITE 1NFCN',  1 1 '  •'.NNT0T 

;>,4s'.Ej.:  wf!"'npcN'.:o:'snntot(K) 

if  1  xt  'is- ,so.:'  4c!"'npc,it.:::'‘  .nnto'  • 

dc  :: 

:c  Niro*  ?  ■ . l’.nno  :>"■  *uen 

CALL  CLIN)  ' 

Onu.  LINK (7) 

60  T0  01 

ELSEIF  NNTOT  . 5T.NN9  :*"■  'UEN 

♦c  r]  v,  22 

call  =mve: 

; ;  2 )  =K 

STAFT  •ISSICN  r*SE  CrEX  ALLYING  rCc  CEACHEAZ  !-  :E:r 

5 '3‘.  i  •  i  2)  -12 

CALL  r!LEM#k'.i' 

Wl!*r T  v  .  1 


CONTINUE 

FORMAT!’  PEACE  ST  ABE  CREWS  AT  ’,12.' 

FORMAT F  SURGE  STAGE  CREWS  AT  M2,':  ’.12) 

FORMAT"  SUSTAINED  STAGE  CREWS  AT  M2,’:  M2) 

RETURN 

END 

SUBROUTINE  SURGE 

mmtmmtmmmmminmtmmmtTPANSiTiCN  ’2  surge 
COMMON 'SCCM1/ATRIB !  100! .  DC  ( 100) .  DDL  I! 00! ,  DTNOW. ! . NFS.  MSTCP. NCLNR 
l.NCRDR, NPRHT. NNRUN. NNSET, NTAPE, SS! 100' , SSL ’100! ,TNEXT. TNCN. U ! IOC 
SCMMCN/BRIAN /NUMRTE,  BASIC  MO)  .NLEGS!  10)  .FPEGPCF.O! ,  ”JRPC,  ’URSE 
I ,  NBASt  110,0:105.  STAGE ;  S  0 .10).  SET  >'  1 0 , 1 0 ! ,  SAT  ( 1 0 , 1 0! .  NACFT , :  2UTE 
I .  FFEOSU <10’ ,  FRE3SR'’  I'M  .  TURSU.HPcMn,  EXDF’  v.  SB 
XX (4Q) =1 
XX  M3)  =4 
XX(1E)SUEERF!4) 

xx:iO)*t2 

X  X  ( 1 1 ;  =  1 2 
H  '24)=. 1S80E+04 
XX (27) =XX (26) 

XXf40>=XX(30) 

XX (45) =XX (4T* 

NCREW=f 'T'S! tNACFT '*!  DtX (7) 

DC  10  M.NCREW 
CALL  ENTER! I, A! 

CONTINUE 

IX  :  =  '•  =XX  ■'='  +MCREW 
CALL  STAGES? 

'E’L’RN 

END 


SUP'CU’INE  SUS’-I'I 

t:t:m:ttmttmtf:m:uMu::tuntm(TTAMS!’!CN 


1 .  NC?5C ,  NPeNT, NNRUN. NNSE*.NT4eE.  SS  ■ISC' . 


.C’NCW.IM'A.-EM.'MNR 
SSL  lOO’.TNEXT.’NCW. FMO 


U  ( 1!’-  -'.'SE:c 
mil’s; 

V •<  ■  2  j ■  =.  2’S  :■= 

xx  (2~':=<x  ■  zs; 

it 'iOl=X* !30) 


AD-A166  898  AN  ANALYSIS  OF  AIRCREW  RATIOS  IN  STRATEGIC  AIRLIFT  -  A  2/9- 
SLAM  SIMULATIONS)  AIR  FORCE  INST  OF  TECH 
URIGHT-PATTERSON  AFB  OH  SCHOOL  OF  ENGINEERING 
UNCLASSIFIED  B  L  SUTTER  DEC  85  AFIT/ENS/G0R/B5D-19  F/G  S/9  NL 


SUBROUTINE  UPERAV 

mmmmmmtcHANGE  bravo  crew  every  *8  hrs  or  when  utilized 

COHMQM/SCOJ11/ATRIB  ( 10Q> ,  DD  ( 100) ,  DDL  ( 100 )  <  DTNOW,  1 1 ,  MFfl.  ffSTOP.  NCLNR 
1 ,  NCRDR ,  NPRNT ,  NNRUN ,  NNSET ,  NT  APE ,  SS  ( 1 00) ,  SSL !  1  GO ) ,  TNEXT ,  TNOW , XX 1 100 i 
COMMON  3SET '40000) 

DIMENSION  NSET '40000) 

ESU I  VALENCE  (NSET  ID.  aSET  ( 1  > ) 

DIMENSION  A (30) 

ATRIB  C 18) =0. 

NB=NNQ (3) 

IF  (XX(52i.NE.0.0R.NQ.EQ.0)  50  TO  12 
CALL  L'LINF'l.B) 

CALL  LINY '2! 

<x :c2) =0 

NQ=NNG (2? 

IF  ! NO . EG . ) . OR . MNACT (34) . 5E. 1 !  50  T0  11 
CALL  UL INK' 1,2) 

IF  (ATRIB!171.E9.0)  CALL  LINK(S) 

IF  '.ATRIB!  1?) .NE.Oi  CALL  LINK ( 10) 

NRANK=NFIND  < 1 , NCLNR. 13,0,9. ,  0.0) 

I?  (NRANK.NE.O)  CALL  RMOVE (NRANK, NCLNR, A) 

ATPIB '  12) =Q. 

CALL  3CHDL  e. . 480CE+02. ATRIB) 

ATFI 

:E".;RN 

END 


u 


SUBRCU'TiE  L’PCL''1 

tttttiitttitmtmmtmmmimtmtUPDATE  3o  and  to  day 


■«c 


MMnij  to 


!  1  JO' . DDL  '  1 00 ' , D7N3W. :i.NcA,NSTOP, NCLNR 


1 , NCPDP. *IPCNT, NH6L'N. .‘iNSE’, NTAPE. EE  'ICO .  EEL  .  IOJ! ,  TN£XT, ’NOW. XX > : 

"iKHTiyr'  .  i-:1  ■  ■  '*h*4 , N 


'UC'j 


■HEN 


IF  N.EO.  ' 

»?>i 

ELEE 
NRO-N+1 
END  IF 

IF  IN.EE.Cl: 

N3C-N  TO 
ELSE 

N30=° 1 *N-TO 
ENDIF 

ATRIB' 12!  =ACFLTM  'ATRIB  ( 14>  .ID  *ATPI3' 12) -ACFLTM'!  ATRIB;  14’>  ,N?0) 

ATRIB' ID  *ACFLTH(hTRIB!  14',  N)*ATS!B(!55"AC?L!!t(ATfi!B(l4),)l30) 

ACFLTM' ATRIB' !i:,N°0!=ACFLT','ATRIB'14),.N)+ATRIB''!!) 

ATRIP!IS)sO 

XX(E4'=ATRIB'll! 

n'!!)*ATP!S!12) 


SUBROUTINE  WARHL’P 

MmmmtmmmmjREiNiTiATE  statistics  after  warmup  °eriqd 
DOMKCN/SCOMl /ATRIP  I  i  00) ,  DD  ( 1  00) ,  DDL !  100) ,  DTNOW,  1 1 ,  UFA,  NSTOP,  NCLNR 
1 ,  NCRDR ,  NPPNT ,  NNRl.'N ,  NNSET ,  NTAPE ,  SS  ( 100) ,  SSL '  1 00) ,  TNEXT,  TNQW,  U  ( 100! 
XX (24) =. 6000E+03 
XX(27)=XX(26) 

XX (40?  =XX (30) 

XX<4')=XX(43? 

RETURN 

END 

SUBROUTINE  WINDOW 

timmmmimimimmmcr;  alert  window  in  all  crew  queues 

CORKON/SCOm /ATS IB  1 100' , DD 1 100: , DDL  1100? . DTNOW. 1 1 . MPA, NSTOP, NCLNR 
1 , NCRDR, NPRNT, NNRUN, NNSET, NTAPE. SS !  100) . SSL  1100) , TNEXT, TNOM, XX (100! 
COMMON  2SET 140000) 

DIMENSION  NSET  (40000 
INTE5ER  RANK, Z 

EQUIVALENCE (NSET ( 1 > , QSET !  1 ) ) 

DIMENSION  A (30) ,  6(30) 

RANK= 1 
1=4 

Z=NNQ!I! 

IF  ' RANK. ST. Z'  SO  TO  11 
CALL  COPv  f RANK , I , A) 

”  "’NOW-A ! 1£> . L£. XX (11! !  SO  TO  11 
CALL  S MOVE (RANK, I, A! 

:r  ’I.E'Q.A'  THEN 

xx(i~' =xx  :i7- +i 

TF=A(?) 

nrank=nf:nd 'i,  tp, 

CALL  BM0VE:'NRANK,6,B) 

xx(C!)s<:<'!  D+: 

END  IF 
Z=Z-1 
i'DOlsl 

CALL  rILEM'0,A) 

XX  '3*  > =XX  T35)+I 
SO  T0  0 

IF  :i.E5.4!  then 
1  =  11 
ELSE 
1=1  +  1 
ENDIF 

IF  11. LE. 17)  THEN 
Z=NNQ(I) 

GO  TO  ? 


c 


SUBROUTINE  INTLC 

tmttmmmmmmmmmmmtmtmmtmtiNiTiALizE 

COMMON/ 5CQM1 / ATRIB  < 130) } DD ( 100) , DDL { 100) , DTNOW , 1 1 , MFA, MSTOP , NCLNR 
1 , HCRDR , NPRNT , NNRUN , NNSET, NT APE , SS  51 00) , SSL ( 1 00) , THE  XT , TNOW , X  X (1 00 ) 
COMMON/BR I AN/NUMRTE, BASIC { 10) , MLESS (10), FREQPC <105 ,  T'JRPC.TURSG 
1, NBASE! 10,0: 10) , STAGE (10, 10), SET! 10, 10) , SAT ( 10, 10) , NflCFT .ROUTE 
! , FRESSU ! 10! , FRE3SS i 10) , TURSU.HRSMC,  EXPFLY, SB 
COMMON /FLY/ACFLTN  UiO,?l!  ,MAN,N 
CHARACTERS  BASEI10.0:10) 

NUHRTE=0 
KRITE (NPRNT.200) 

200  FCR-AT1’  ROUTE  DATA ’ ) 

OPEN  rILEs’ ROUTE. ’ .STATUS1' OLD’) 

REMIND (131 


201 


READ (13,1) ROUTE 
10  IF  •' ROUTE.  LE.?ooa!  THEN 

READ  113,1) BASIC (ROUTE), NLEGS (ROUTE), FREQPC (ROUTE) 

! , FRESSG (ROUTE) . FREGSU ! ROUTE) 

READ (13,201) (BASE (ROUTE, J) ,  J=0, NLEGS (ROUTE) ) 

FORMAT (11A6) 

READ (13, ») (STAGE (ROUTE, J! , J=1 , NLEGS (ROUTE) ) 

READ (13. I! (SET (ROUTE, J ) , J* 1 , NLEE5 (ROUTE) ) 

READ '13, t) (SAT (ROUTE, 2) ,3=1, NLEGS (ROUTE)) 

MFrE-NFRNT,  202!  ROUTE,  BASIC  (ROUTE),  NLEGS  (ROUTE) 

FORMAT"  FOUTEs  ’,FT.?,ZX,?!  IF  SASIC:  ’ ,F2.0.2X, ’NUMBER  OF 
I  .ESS:  M2) 

MR I TE ! NPCNT , 208  5  FREQPC • POUTS ! , FPE0S5 (ROUTE) , FRE9SU ( POUTS ! 
rORMAT"  rEACE  USAGE:  ’.FS.3.2X,’  SURGE  USAGE:  ’,F5.3,2X, 

Jjq^lCTJTilC^  I  C«  ’j 


202 


WRITE ' 

NFRNT.2C3) 

(BASE (ROUTS. J5 

.  J=0, 

rORMRT 

”  BASES: 

’  .fx. :iA6) 

wpite : 

NP°NT, 2C4) 

(STAGE (RCUTE,; 

in 

"ORMAT 

’’  STAGE" 

’ , 3X, I 1F6.0) 

mri’e; 

>jpp«IT  ",'C1 

■SET (ROUTE. 3), 

>1.: 

"  *  c 

"OFNA" 

"  SCHED  S 

IC  TIME:  M!F 

6.1! 

WRITE  ■ 

JJPF.MT.2065 

/CATfcnitTC  ’■ 

wM.  i . . *  u  <  J i  « 

•-(  ' 
w  “  1  4  r 

FORMA* 

"  SCHED  AIR  ’IMS:  MIF 

6.2! 

NUMFTE 

=TJHFTE*1 

PEAE i I 

t) ROUTE 

GO  T0  10 

ENDIF 

READ' 13. t!NACFT, TLRPO 

.  T'JPSG.  T'JRSU 

i|p;TE  •'NtF.»r 

,CO"‘NACFT 

,  T'JRP0,T'JRS6.T 

URSU 

207  FORMAT ’’  AIRCRAFT  AT  KCHS:  ',12, '  PEACE  T'JF:  ' ,F5. 2, ’  SURGE  Tl'P: 
I,F!.:,’  SUSTAINED  TUR:  \F5.2> 

DO  C!  ROUTE1! , NUMPTE 
DO  30  ]*0.NLE53!P0UTE) 


IF  ;BASE  CRQUTE 


J!  .E9.  r.CHS 


’  NBASE ! ROUTE, J) 
IF  (BASE (ROUTE, JJ . E2.  ’CYYR’  ■  NBASE (POUTE. J) 
IF  (BASEIRGUTE. J) .EO.’EEXX’ )  NBASE (ROUTE. J! 
IF  (BASE (ROUTE, J) .E8. ’KPXX’ 5  NBASE (ROUTE, J) 
IF  'BASE (ROUTE, J) . E9- ” CYXX ’ »  NBASE (ROUTE. J ) 
IF  (BASE (ROUTE, J) .E9. !EDX X’ 1  NBASE (ROUTE, J 3 
IF  ( BASE i ROUTE , J ! . E3. ’ ENXX ’ >  NBASE (ROUTE, J) 
IF  (BASE (ROUTE. j).EQ.fKTIK’3  NBASE ! ROUTE, J) 
CONTINUE 
CONTINUE 

PEACETIME  OREK  REST  B0LICY 
m5:;= 2 

■X!47!=60424/NACFT 
XX(48)*547.?2I2»/NACFT 
I^O>  =  I'7?E.  34124/NACFT 
XX  (0°: =NACFT 
•'Y '  ISi  =NACFT 

^soi 

DO  10  1=1,160 

ACFL7N ( I , ?! ) =UNFPN (05. , 370. , 2! 

RC-A0FLTN!!,?1) 

IF  (RC.cE.125.!  THEN 
3C=UNFRN(v.,125.,3) 

ACFLT«!I,b1!*RC-0C 
ELSEIF  ’RC.LT.125. )  THEN 
ACFLTN 'I, si! *UNFRM  f o. , ?C,  2) 

END  IF 

SC=AC'LTNf!,si! 

DO  50  K»42,R0 

acfl'h  '  i .  fi  *acfl:x  <i,x-u  *  ,Bc-sc:  /:<? 

:dnt:n'je 

ACFLTNC,  II  =0 
DO  20  *>2.60 

ACF’.’’?! 1 1  KI  *Are*  Tf'T  t*«?  ; 1  •  .’es 


-"BRGL'T T  NE  ,SUT 

:  mmmmmmmmmmmmmmmttmmtmmcuTF'jT 

:n“«GN/S:0«i’ATRIB '1005. DD! 100;, DDL! 100). DTNG«.::.«Fh,*STCF.NCLNR 
1 ,  NCRDR, SPENT ,  NNPUN,  NNSET,  NTAPE,  SS 100! ,  SSL '  CC ) .  TNEXT ,  TflQH ,  XX' IOC) 
COSflQN/BRIAN/N'JMRTE,  BASIC  i  10  .NLE5S !  10! ,  FRE3PC ( 10) .  TURPC .  T,JRSG 
1,NBASE  ■:  10.0: 10)  .STAGE  (10,10),  3BT '  10, 10) ,  SAT !  iO,  10) .  NACFT.  SCUTE 
1 , FRESS’J !90) . FRE3SG f  10, , TURSU, HPSKC, EXPFLY, SB 
COHHON/FLY/ACFITM (140,91)  ,KAN,N 
WRITE :NPRNT.  102) ,  XX  U ) 

102  FORM!!’  STAGE  CREW  FDR  EVERY  \F3.0,’  ARRIVALS' ) 

WRITE INPRNT, 103) , XX (2) , XX (3) 

103  FORMAT!’  30  i  ?0  DAY  LIMITS:  ’ .2F4.0) 

WRITE  iMPRMT, 104) .  XX (9) 

104  FORMAT'’  »  CREWS  AVAILABLE:  \F4.0) 

WRITE  :N0PNT.!CI;,XX!4).XX:i\XX!4) 

IOC  -OcMA! "  !ELIABILITV  FACTORS:  ’,Ff.3,2X,cE.3,2X,FE.3' 

PET'jRN 

END 

FUNCTION  USERF'IFN) 

c  mmmtmmmmmmmmmmmmmmusER  functions 

C3MM0N/SC0K1 /ATRIB ! 100! ,  SD !  100) ,  DDL !  100! ,  DTNOW,  1 1 ,  MFA,  MSTOP,  NCLNR 
1,  NCRDR,  NPRNT,  MNR'JN,  NNSET,  NTAPE,  SS  (100),  SSL  (100),  TNEXT,  TNOW,  XX  (100) 
COMNGN/BRIAN/NUMRTE.  BASIC !  10! ,  NLESS !  10! ,  FREQPC  ( 10! ,  TURPC,  TURSfi 
1 ,  NBASE ( 10, 0: 10> ,  STAGE (10,10),  SET (10, 10) ,  SAT ( 1C , 10) ,  NACFT,  ROUTE 
: ,  FREOS'j  110:,  FREOSS !  10!,  TURSU.  HRSHG,  EXRFLY ,  SB 
CQM.MON/FLY/ACFLT.M  ( 140,91 1 ,  NAN,  *1 
DIMENSION  VAL '10) 

SO  TO  (l,:,:.i,I)  IFN 
0  COMPOTE  SOHED  FLY  *IME 

1  RETURN 

c  tmimtttimmstmittmmmtccKR'JTE  home  station  crew  rest 

IR  ‘ ’TN0S-ATB!S!2) ? .LT.TE)  UEERFM2 
IF  !  (T,IOW-A?RI?'S! !  ..E.2IS!  USERF=''TNCW-ATFTE1S!  ’  '0 


RE'UFN 

tmiiltimmtilumiHCME  S’ATION  estimates  unsched  maintenance 

RETUc‘i 

E?£CLYsO 

»»inumt»mti»CCMPUTE  SCHEDULIMS  FREOUEflC'-'  CCR'  TAFC-ET  UTE  RATE 
up:  sr:  :yr  ci  v  =  4MSNS  :cR  MO. 

T»f;  tj  U5C  -S|  ’  HPi  •  ijCfjC  see  -  :ccpmc*|pv 

IF  '*z:  .EO.  O'  HF;EKQ=NACFTr'JPPC»03.44 
IF  aX'ir’.ES.:.:  HPSMC=NACFT tT'JREut30. 44 
If  '*X'48\E:.:.‘  HRSM3=NACFT»TURSUI30.44 


M 


in  X 


Append i ::  D 
5c  snar 1 □  Fi I gs 

This  aDpendix  contains  the  scenario  data  files  used  tor 
both  single  homebase  models  and  the  multiple  homebase  model. 
See  Appendix  H  for  scenario  information. 


"Route"  f or  NATO  Single  Base 

1 

1  3  .22  0.0  .16 
KCHS  KF'XX  EG  XX  KCHS 
0  1  1 

2.1  2.1  2.1 

0.83  7.72  3.37 

'T' 

. 73  . 39  . 53 

3  KF'XX  CYXX  EDX  X  EGXX  KCHS 
0  10  11 


3 1 mu I gt 1  on  Output 


Ol 


ROUTE  DATA 

PEACE  USAGE:  0.220  SURGE  USAGE:  0.000  SUSTAINED  USAGE 
BASES:  K CHS  UP XX  EGXX  KCHS 

STAGE"  0.  1.  1. 

3CHED  GND  TIME:  2.1  2.1  2.1 

SCHED  A  IF:  TIME:  0.33  7.  "2  3.37 

R’EACE  USAGE:  0.780  SURGE  USAGE:  0. 3*0  SUSTAINED  USAGE 
BASES:  KCHS  KF'XX  CYXX  EDXX  EGXX  KCHS 

STAGE"'  0.  1.  0.  1.  1. 

SCHED  GND  T I  ME :  2.1  2.1  2.1  2.1  2.1 

S2HED  A I c  "I  ME:  0.3"  3.23  3.33  1.31  3.37 

PEACE  USAGE:  0.000  __FGE  USAGE:  S'.  090  SUSTAINED  USAGE 

RASES:  KCHS  KPXX  CYXX  ENXX  EGXX  -CHS 

STAGE"  0.  i.  1.  1. 

SCHED  GND  TIME:  3.1  2.1  2.1  2.1  2.1 

SCHED  AIF  TIME:  0.33  3.23  5.07  2.64  3.37 

FEACE  USAGE:  0.000  SURGE  USAGE:  0.530  SUSTAINED  USAGE 

BASES:  KCHS  KTIK  CYYF  EDXX  EGXX  KCHS 

STAGE"  0.  1.  0.  1.  1. 


STAGE" 

•') , 

1  # 

SCHED  GND 

TIME: 

1 

SCHED  AIF 

TIME: 

c-cr 

4.3' 

aifcra^- 

at  r D^s 

EA-GE  t'JF: 

SUSTAINED 

STAGE 

CREWS 

AT  11 

0 

SUSTAINED 

5TAGE 

OPENS 

AT  12 

? 

SUSTAINED 

STAGE 

CREWS 

ht  IT 

o 

SUS" aimed 

STAGE 

CREWS 

AT  M 

i  r. 

SUSTAINED 

STAGE 

OF  EWS 

1  «=! 

0 

SI  sc-2  r  MFD 

stage 

2  FEME 

AT  li 

•:* 

r;  i:t^  t M£D 

3  :  Hibtz. 

DREWS 

~ .  T  i  / 

o 

LAM  3  U  M  M 


:tmi  ii  UTT[-i|\j  zcg.TF- 

date  -  14  1°S3 


BV  BSUTTEF: 
Rijn  NUMBER 


GUFF  ENT  "I  ME  G.2"61E+04 
statistical  affa'-c  clea<=e: 


** STATISTICS  p 

DR  VARIABL 

rc  H'Accr.  pm  ppcrc1  ,,itt 

ON** 

MEAN 

STANDARD 

20EF[r.  OF 

m  t  r,j  i  mijm 

MA > IMUM 

NO.  OF 

VALUE 

DEVIATION 

VARIATION 

VALUE 

■-ALUE 

OPS 

DU TV  DAY 

0. 109E+02 

0. 171E+01 

0. 159E+00 

0.  2T75E+01 

0. 191E+02 

T43 

INTER  AT  CYYP 

0.  CIOE+Ol 

0. 273E+01 

0.  882E+00 

0 . 3B6E-02 

0. 156E+02 

- -  Q 

INTER  AT  EGXX 

0. 249E+01 

0. 249E+01 

0. 100E+01 

0. 549E-02 

0. 15RE+02 

968 

INTER  AT  KF'XX 

NO  VALUER 

RECORDED 

INTER  AT  CYXX 

0. 439E+01 

0 . 367E+0 1 

0. 800E+00 

0. 403E-01 

0. 275E+02 

472 

INTER  AT  EDX X 

NO  VALUES 

RECORDED 

INTER  AT  ENXX 

NO  VALUES 

RECORDED 

INTER  AT  KTIK 

NO  VALUES 

RECORDED 

MISSION  LENGTH 

0. 102E+03 

0. 349E+02 

0. 742E+00 

0. 327E+02 

5.  262E+03 

964 

LAST  DUTY'  DAY 

0. 1 0~E+02 

0 ■ S33E+00 

0.7~8E-01 

0, 914E+01 

0. 15SE+02 

364 

SYS  -Lv  TIME 

0. 520E+04 

0. 375E+04 

0. 721E+00 

0.  1  R.aE+02 

0. :2°E+03 

364 

MISSION  LENGTH 

0,  aTE+02 

0 . OOOE+OO 

0.  OOOE+OO 

0,  ate+02 

0.6i~E+02 

1 

SYS  "  _  •"  tjme 

0. 318E+04 

0 . OOOE+OO 

0.  OOOE+OO 

0. 818E+04 

0. 313E+04 

1 

**SThTISTICS  for  time-persistent  variables** 


MEAN 

STANDARD 

MINIMUM 

MAXIMUM 

TIME 

CURRENT 

VALUE 

DEVIATION 

VALUE 

VALUE 

INTER 

VAL 

VALUE 

CREWS  AT 

HOME 

TP 

231 

14. 

708 

12.00 

50.00 

2161 . 

jOO 

1 4 . 00 

CREWS  AT 

“VV  p 

P 

095 

0 . 00 

1 1 . 00 

^  1  L  1 

i.  i  L'  1  • 

jOO 

4 .  OO 

_  r,  E  v.  3  r-»  • 

Cl  _0  A  A 

6 . 

1  Me 

w  • 

oo 

T  <  1 

■'•V: 

7 ,  00 

CREWS  AT 

V  V 

"P. 

“r 

404 

0.  00 

i 

_  -  1_  I  . 

j'JP 

J.  •  . 

MISSIONS 

CANCEL 

* 

000 

'■> 

000 

0.  00 

0 . 00 

2161. 

>00 

0 . 00 

BUFNOU"r 

44Q. 

820 

-’■  —  T 

32 1 

©2.00 

1168. 00 

2 1 6  i . 

ooo 

1 168.  -X 

it  ACFT  ='MC 

21 . 

3 -j  ”T 

P 

423 

7 . 00 

29.00 

2161. 

»o 

:a.oc 

**FILS 

STATISTICS** 

r  ILL 

ASSOCIATED 

AVERAGE  STANDARD 

MAXIMUM 

CURRENT 

AVERAGE 

NUPEEF 

NODE  TY='F 

length  deviation 

LEf  JFTH 

LENGTH 

"rTf*iP 

AWAIT 

0.001  0.028 

1 

A 

035 

2 

QUEUE 

32.271  14, “03 

cy 

— .  -  (  ncc 

"p 

QUEUE 

0.000  0. 500 

i 

0 

0.  000 

4 

6WAT 

0 . 007  0 . 086 

G 

o .  :■  i  3 

QUEUE 

0. 000  0. 500 

l 

■*) 

0.  000 

6 

QUEUE 

5. 1° 1  2.331 

15 

o 

12.  34“" 

-» 

•QUEUE 

0. 000  0. 000 

0 

0 . 000 

3 

QUEUE 

0.  TO  0.473 

1 

1 

1 

P7 b op 2 

2) 

QUEUE 

0.000  0. 500 

'Y 

0 

0.  000 

10 

QUEUE 

0.000  0. coo 

o 

0.  000 

1 1 

QUEUE 

2.093  2.732 

1 1 

4 

O 

W  c  /  »J 

12 

QUEUE 

•  *.+-»-!  £j  >  W-  W 

— '  — 

— 

180 

« 

QUEUE 

0.000  0.000 

0.  000 

14 

QUEUE 

-  "o  -  a.*, a. 

13 

J 

O  TO- 

QUEUE 

5.000  5.000 

1 

o 

0.  000 

E-2 


0 .  U0'.»  y .  nut.) 

(  1 

•j 

0. 

000 

QUEUE 

0 . 035  0 . O^S 

4 

0 

0. 

216 

QUEUE 

0. 06?  0.334 

6 

0 

0. 

167 

QUEUE 

0.056  0.231 

1 

0 

13. 

549 

QUEUE 

0.044  0.239 

7; 

0 

0. 

196 

QUEUE 

0 . 030  0 . 219 

1 

0 

13. 

5=3 

QUEUE 

0.000  0.000 

0 

0 

o. 

000 

QUEUE 

0.031  0.174 

1 

0 

13. 

461 

0. 000  0. 000 

0 

0 

0 . 

000 

CALENDAR 

33 . OSS  1 7 . 80°  1 

:»4 

QA 

H 

A  ■ 

336 

**RE5ULAF'  A 

CTIUITV  STATISTICS** 

AVERAGE 

STANDARD  MAXIMUM 

CURRENT 

ENT  IT 

utilization 

DEVIATION  UTILIZATION 

UTILIZAT 

ION 

COUNT 

4.8336 

2.6538  14 

8 

S~5 

0 . 0000 

0 . 000)0  1 

0 

1 680 

0. 800° 

0.3102  5 

1 

304 

1 . 4733 

1 . 3392  3 

7 

1  638 

S. 4~;~ 

4 . 5°1 1  21 

12 

•I.  1340 

0.2=36  2 

i*i 

13 

0. 025E 

0. <22^  1 

:"\ 

A 

i  '^C3~T_r 

1.4672  ° 

2 

1631 

0.147°  1 

Cj 

A 

*  t  r. 

0  .vii'ifi  1 

'  1  At? 

'♦♦RESOURCE  STATISTICS!! 


RESOURCE 

NUMBER 

RESOURCE 

LABEL 

CURRENT 

CAPACITY 

AVERAGE 

UTIL 

STANDARD  MAXIMUM  CURRENT 
DEVIATION  UTIL  UTIL 

1 

ACFT 

30 

IS.  62 

7.531  30  26 

RESOURCE 

NUMBER 

RESOURCE 

LABEL 

CURRENT 

AVAILABLE 

AVERAGE  MINIMUM  MAXIMUM 

AVAILABLE  AVAILABLE  AVAILABLE 

1 

ACFT 

4 

1 1 . 3783 

0  22 

!!T 

IME-FERSISTENT  HISTOGRAM 

NUMBER  If* 

CREWS  AT  HOME 

•-'C»  * 

RELA 

UPPER 

TIME 

FPEG 

CELL  LIM 

0  20  40 

60  80 

+  +  +•  +  4- 

+ 

+  +  +  + 

0. 

0.  00 

0. OOOE+OO 

0. 

0 . 00 

0. 500E+01 

+ 

0. 

0 . 00 

0. 100E+02 

4- 

143. 

0.  07 

0. 150E+02 

+  !!♦ 

849 . 

0. 7? 

0. 200E+02 

+!!!!!!♦♦!!!!!♦♦!!!!! 

r 

0.03 

0. 250E+02 

+♦! 

C 

O'-* 

0 . 0 1 

0 « 300E+02 

+  f 

c 

v .  00 

0 . 350E+02 

+ 

c 

0. 

0  -  00 

0.  J00E+02 

4- 

c 

0.  10 

(•)  4=IAC+.-l-! 

+!!!!! 

c 

863. 

0 .  JO 

0. 300E+02 

+!!!!!! !!!*!!*!!!*!!* 

0. 

0 . 00 

0. 550E+02 

+ 

0. 

0.  00 

0.  c00E+02 

4- 

0.  50 

0. 650E-fc02 

+ 

0. 

0.  00 

0. TOOE^OC 

4- 

0.  00 

0.  "'5-OEf  02 

+ 

0 . 

0.  00 

0. 300E+0C 

+ 

0. 350E+02 

0. 

0.  00 

0. °00E+02 

+ 

C 

c 

c 

c 

c 

c 

c 


♦♦STATISTICS  FOR  TIME-PERSISTENT  VARIABLES!* 


CREWS  AT  HOME 


MEAN  STANDARD 
VALUE  DEVIATION 

32.231  14.708 


MINIMUM  MAXIMUM 
VALUE  VALUE 

12.00  50.00 


TIME  CURRENT 
INTERVAL  VALUE 

2161. 000  1 4 . 00 


♦♦TABLE  NUMBER  1** 
RUN  NUMBER  1 


TIMEHRS 

0. 1300E+04 
0. 1920E+04 
0. 2040E+04 
0. 2160E+04 
0. 2280E+04 
0 . 2400E+04 
0. 2320E+04 
0. 2640E+04 
0. 2760E+04 

MINIMUM 

MAXIMUM 


AUR 

0 , 5047E+0 1 
0. 7197E+01 
0. 8292E+01 
0. S545E+01 
0. 9088E+01 
0. 9159E+01 
0. 9413E+01 
0. 9499E+01 
0. 9567E+01 

0.5047E+01 

0. 9567E+0 1 


AVG  WORK 
MONTH 

0. 1216E+03 
0. 1353E+03 
0. 1414E+03 
0.  1421E+03 
0. 1 450E+03 
0. 1454E+03 
0. 1465E+03 
0. 1472E+03 
0.  1476E+03 

0. 1216E+03 

0.  lA^iE-^OC 


AVG  FLY 
HRSMO 

0. 47®7E+02 
0.6888E+02 
0. 7917E+02 
0. S144E+02 
0. 8652E+02 
0. 8725E+02 
0. 8946E+02 
0. 9047E+02 
0.91 18E+02 

0. 4797E+02 

0. 91 1SE+02 


AVG  TIME 
AWAYMO 
0.2792E+03 
0. 4222E+03 
0. 4651E+03 
0. 4742E+03 
0. 4923E+03 
0 . 4907E+03 
0. 4975E+03 
0. 501 1E+03 
0. 5003E+03 

0. 501  IE +03 


♦♦PLOT  NUMBER  1** 
RUN  NUMBER  1 


U=AUR  0.505E+01 
W=AVG  WORK  MONO. 122E-03 
F=AVG  FLY  HRSMO. 480E+02 
T=AVS  TIME  AWAO. 


’•IMEHRS 


SCALES  OF  FLCT 
0.  731E-K'l 
0.  ITf 

o.  :-oe-:c 

--‘i 


v. ^57E+01 

•;».  912E+02 


Z'JPS 


3  MCUC  C 


4- 


:J-u| 


+ 

4- 


4- 

4-  !Jp 

-  L'F 

-  JW  UF 
ij  T  +  'jy  ,_c 

UW  T  +  UF 
LIT-  L"4  Uc 
UT  UW  UF 

U  ijy 

cups 


C  ----- 


Mu  I  tl  -Base  SLAM  Netwcr  Cede 


SEN.  BSL'TTEF;.  THESIS'.  O/Z/25, 72; 

LIMITS,::, 32.300:  » 

rIKSr,f(Ma(2.', CREWS  AT  HOME; 20/0/ 15 
TIHSTjNNQt ID, CREWS  AT  CYYR; 

TIMST, NNS !  12) . CREWS  AT  ESU; 

TIMET, NHB(I4), CREWS  AT  CYXX; 

TIMST, HIED, MISSIONS  CANCEL; 

TIHST, XX 1*4) , BURNOUT; 

TiMET,n::s),i  acft  pmc 

RECORD, TNON, TIMEHRS, 0, B, :20;  EVERY  FIVE  DAYS 

VAR,  a*  ICS!  ,'J, AUR; 

VAP.n :»!:•/<, AVS  XCRK  MONTH; 

VAR.XVACI.F.AVS  "LY  HP.SMO; 

VAF .  X  X ’ 46 ; , T , AVS  TIME  AWAYMO; 

PRIORITY  HVC »:0)/Ii.HVF !20) !  10, HVF f "fi)  !7, HV1-  '"Yt!  /!4, HVr •"v"  '  ■ c, HVF  :"r')  '  ■ L 
UVF  CM  '17, HVF  :Z?) ;  SIVES  RR!DRITV  TO  A  CREW  THAT  HAS  SEEN  MECH.  BIASED 

itummmutmtmtmmmmmmmmmmttummtutmtmttm 

;  USER  INPUTS 

INTL. XX ( I ! =45;  STAGING  POLICY 

INTL. XX '2}=i25:  30  DAY  FLY  LIMIT 

INTL. nr:  =330;  °0  DAY  FLY  LIMIT 

INTL. XX !4?  =  . 513;  PROS.  OF  ON-TIME 

INTL. XX (EJ  =.04*:  PROS.  OF  DELAY 

I‘TL.  'X  'i}-.  002;  ''ROB  OF  RESCHEDULE 

;  NCrE:  XX ; iC) +XX I =1 ' -XX 1 62‘ =1 

I‘.,TL.  •*  =. SO:  CERCENT  AVAILABLE 

INTL. XX  IS!  =4.0;  CREN  RATIO 

;INSERT  SCENARIO,  TIMES.  AND  ’SPSET  'JTC  5ATES  :’iTC  CILE  ’s0l‘TE.  ’ 

. ->;crc*  tvj'TTA,  -p  "crj;c  •iim  rrp:T  ~rf;*r  ;*;tc*cmt  .  -■>  '!%{<)) 

INTL, XX ' - ’ = I C C :  4  IRENS  AVAILABLE  INITIALLY 

•»;-  (■{■■  ••>*..  ’*  :»¥r  scgjg 

INTL.  Vi1  ALE*’  4INCCS  PEACE 

IN’L.IY  I  «cc  ;s’«  jht;H  i  icsrupr,  «*(  CANCELLED  IF  NC  CREN  OF  AC 

:  itmtttttuittttntttnttttitiiintuimittuitiiiiuitiiuitmtmtutitm 


S'A"  ASSIGN. -TE>!E (O'  =1, ATRIB!:; =10, ATRIB !4)=1, ATRIB '?)=0, 

ATF!B!3(  =0 , A"?. I E ■; 2 > = 1 C . A7F I B 1 1 7 '  =0 :  INIT  BASIC  3SES.  5FESENT  BASE. 

ASSIES. XX ’  14' =KHG  :;i , l; 

ACT/32.  12,  XU !  14' . EE.  1. AND. ATRI3  ill)  *20. EE. XX  !2! .  START :  APC  SO  SAY  LST 

ACT.'!!,  12. XX ! 1 4) . SE. I . AND. ATRIBI  1C!  +20. 3E.  XI  (3! , START;  APR  BO  DAY  HIT 

ACT; 

EVENT. 13, 1;  SPLIT  BASES* 

ACT/20. 24, ATRIB ill). EE. XX i2! . OR. ATRIB ( 12) . GE. XX 13) . RET ;  ENTER  24  HOUR 

;  CREW  REST  IF  30  OP  °0  DAY  LIMIT  EXCEEDED 

PET  EVENT. 10,1;  UPDATE  30/90  PLY  TIHE 

ACT,,, START; 

QUEUE (32); 

SOON. I; 

ACT/34, 12, ATRIB!!!. £3.30,3010;  » 


QUES  QUEUE '.S':  BRAVO  CREW  FILE 
QUIT  QUEUE (10);  BRAVO  DREW  "ILE* 
SUED  QUEUE (2),,,,. TAT!;  AWAIT  MISSION 

CREATE, RNOFN'XX !10; , 1,3) .0:  CREATE  MISSION  AT  CREQ  OF  XX'IO) 


TEN  EVENT, 4,1; 

ABIIIB; ATRIB (3) sO.ATRI8!4'*I. ATRIB (S' *1; 
;  ASSIES, XT(‘S)sNNRSC!ACFr' *XX II?) ; 

ASSISN.  XX ;e’'  =NNRCC  ;BACF"!  ♦XX 'OS! ; 


DETERMINE  MISSION 

into:  counstmsssem 

»6FINABI£CRAFSCBTAISBBliBD 

I 


ACT. .  Y.X'I;: .  _£,  V .  AND  ..IT'D?'. £3.10.  ’CL1: 
ACT.  ,;!■!:  ,  AND.  XX  0°'  .S3. 1  :,.FI: 

_*  MT  , 

ASS !  j'i.  ? ;  ‘ ff2'  r  i :  c g *  -  ♦ . 


p^r?i  "nr  Tr*  \j r  ±r*Tt 

SACFTI 


ONE  A2F’  Sr C'SN  r2R 

hi •■■r-ic 

“jt:h  :=sw  wr-  -issien* 


iimiiiiimmiimmmmrmiimimimiimimimmmmitmiiii! 

tmCREW  REE’tltt 

iimimuininmiummimiiiimiiimniuimiummuimiiiiimi 

ES'  S22N; 

ASSIGN, A’6’5  -T;  IB  =•’ . -rc  r!>’  .iiimbcc.  r-  .  *T“£ 

!•  TI“E  A*iv  IN'!T=0 


ACT;!. 12..; 

CREW  REST 

ASSIGN,  IF  =TNQW; 

GOON. I: 

1 

ACT.. ATRIB;:). ES.30.AW31; 

1 

ACT; 

* 

AWAIT  (4) ,ACFT ; 

A3SISN.XX  I~:=xx:i7;+i; 

RESETS  AVAIL  SR  -RCJS2*c2  AC” 

F— 2 


Aki'l  AHAirai.'.BflCFT;  * 

ASSIGN, XX (53) =XX (S3) +i ;  I 

SOON;  t 

ACT,  1;  t 

tmimimmiittimmmuimiDmiuiimttmimmtmttmtimmtt 
;  miCREH  SHOWS  AT  SUDNMU 

jtmttmmmmmmttmmmmmmmmmtmmtmmmmmm 

9UE5  OUEL'E !!),,,,  NATO:  CREW 


;  lIMPREFLISHTm* 

;  ittimtmmm 

QUE:  3L'EL'Ef6>,,,,!toT:;  MISSION 

MATO  NATCH, TOL'Es  'ACC.OL'E!  'ACC; 

ACC  ACC'-'!'.:.;, LAST:  ATTACHES  'SN  T"  CrEW.  PET-INS  "SN  ATT=SB 

ASS ! 3N.  ATF. !  S ! ! T '•  =0 , ATR IE ' ; ' - TNCW.  A’F.  I E ;  =TN3W ;  LEE  NUMBER  !*)1T*0 

ASSIGN, XXClSi=<XClS)-l; 

3C0N, 1; 

ACT, EXPQN ! T. 3, 3) , ATF'I B ( 1 .  NE .  D, FLY  1 ;  BRAVO  CF.EW  FLYING 

rt'w  1  *.i,« 

ASSIGN, XX(19)=XX(I0)-2; 

SOON, 1; 

ACT/3, 'JNFRHT2. 0, C.  3. 3) ,  XX  <  4) . F'_Y;  ON  TIME 

ACT/2?,UNFRH !2. 1.  XX  ( 10) ,  2) ,  XX  CJ) . FLY;  PREFLIGHT  :  MAX  RAMP 

ACT/?, TRIAG 'XX ' I?) . XX  ( 10) , XX  <  10) , Ci , XX (e) , XCL;  eAI*P  EXCESSES.  F.ESHEDULE 

jiiiiiiiiJiiitiitiiimuiitiimimiiiiiiiiiimittttititmiituiiiiiiiutm 
;  mi'L’ItU 

iiititiiilitiitiiiitttiiitiiiiiimiiuiuiiitiiiiititilliiiiiumttutitiiiiU 

FLV!  ASSIGN,  ATP  I? '  17  •  =C:  BRAVO  UTILIZED 

7'  v  snpu  i . 

EVENT!,:;  COMPOTE  NEXT  LEG  *  CL;  ’IMS 


:;v  y:  «;cy*  .eg 


EVEN’.! 

I? "X|  i  , 

.1: 

ACT.  I2, 

.  riGw-AT'is--:;  - 

ACT  ST 

, , ; 

ASSIGN. 

•  x  =atc !5 

«C-S 

/x iiE;yv 

ASSIGN. 

^’C’O  •  *c  -  =a;t^t3 

n  3  3  ’*  £ '  i  ■ 

-  T?  '  =M  :  2  .E  ■ 

X* 

tn 

rn 

: r i  =  < x  ':S'  +: 

SOON.  I; 

ACT  ’!. ,( 

^TO  r  5;r' 

*rr  •  c  v 

TO!); 

ASSIGN. 

XX'185*XX»!9)-i 

ASSIGN. 

(?■::) =tnoh-xx  • 

clv  t:ne 


ASSIGN, XX ;:S)='<X  '2cMXX(2i;  XX T23> *<X (2^1* .'XX f 2S) *ATF IB XT ’23': 

COMPUTE  ACHIEVED  JTE  RATE 


i  mtENPCL’E 

: 1 1 1 it t ti 1 1 1 1 it i it 1 1 n ti l n 1 1  ( 1 1 n u n 1 1 1 1 1  n 1 1 1 1 1 1 1 1  n  i  m  1 1 1 1 1 1 1 1 1 1 1 !  1 1 1 1 1 1 1 1 1 1 

SGON, I; 

ACT/I. .ATFIB'i) .EG. 1.. STAGE:  STAGE  "EX 

ACT; 

SOON: 

ASSIGN. ATRIB '1 ) =ATRIB<2) : 

ACT/8. FHDRH'2.:,. 15. I!., FLY:  SCHEDULE!  SHE  *IME 

1ECH  G30N;  DUTY  DAY  EXCEEEED-HEC^ANICAL  ST  AGE 

ASSIGN. ATRIP !'!=ATF IB 'i:.ATPIB!;::=ATE:!E:::  -I: 

A”...ETASE; 


STAGE  SCON; 

ASSIGN.  XX ' DC ;  =<<  "SC!  +THSH-ATF 
EVENT. 10. 1; 

COLD*. I  NT 's'  .DUT"  DAY..:: 


ACT 

Hi.. ATRIP 

,*  7  \ 

EG. 10. GF. ATPIB'D'. EG 

■\  r»r 

. 

.atrip;;: 

.ED. 

ll.CYYR; 

AC*. 

,  ATFI5  •: ; : 

.EG. 

ID.ESXX; 

ACT. 

. a'yip  • 

.EG. 

ID, FPU; 

ACf, 

,  a  ■  p  i  b  ( :  ■ 

.EG. 

14.CVXX; 

*r* 

,  ATpIB  'D) 

.EG. 

1E.EDXX; 

ACT. 

,  ^TPIB'DI 

■  EG. 

le.ENXX: 

.;*«!!  ID: 

C7 

I’./TIK: 

AC*. 

.  ;t?:e 

•  • 

1  c  .  pry.*. 

"F:E: 

T  ‘ 

1  . 

L'NHV  TD  INIT  DUELED 

STAGE 

ACDL'P.  DllT ■  'I-E 

LTV  DAY  EaCEEDEDI 
WHICH  EASE? 


AC*: 

3LE:  DUELS'-’ : 

•  "T, 


CYCLE  IF  ALE? "I”  XIHDCW  ETCEEDED 


AC*. .ATRIB'C  . - D. 

I.DY 

AC’.. IB  Ci.  EG. 

I ,  E’j 

-C*. .-TRIE  *' . EG. 

*.YP 

ACT..:*R!P  D'.EG. 

4.D- 

AD*. .ATRIP'D-, EG. 

C.  ED 

AC*.  ,ATR" 

•;.EN 

^*Cr. .  iTC.!r  .1) .  Ei. 

KT 

AC*,.-T?:B  D'.EG. 

c  >/r. 

g.cd.gued: 


jtimtttiiitttttittiiuiuttittitnitttitttitmitiiittiitttiitimiitittinttt 

;  mtSTASE  PASS  SL'Ecc:DGcA'«su*I 

•  ttttttttittttitinttimtititttuiittuitttutmttuiitttmtmtitmmitm 

!  DYYF  S*A6E 

CYYP  GDC’i.  I: 

AC*. .ATRIP':’ .ED.ATRIB'D: .PEil;  ARRIVAL  DUE  TO  "ECK  S’AGE 

ACT ; 

CDLCT. GET. INTER  AT  DYYF . . I:  INTER  ARRIVAL 


ACT/21 , RHDRK ( 24. , 3. , 3) , ATRIS ! 1 1 > . 5E. XX (2? -  DR. ATRJB ( 12 ) . BE. XX {3> , DEAD; 

CHECK  30/90  TIME  i  DEADHEAD 
ACT; 

GOON; 

ACT,UNFRM(13.«14.,3):  CREW  REST 

ASSIGN,  ATRIB(16'=TN0W; 

ACT.  ,,0112: 

3UE'JEi::'.„,MAT3;  ACFT 

3UEUE(11!,,,,NAT3;  CREWS  AVAIL 

NATCH. 0,3111 /AX  1,31 12/AC! ;  MATCH  ACFT  WITH  CREW 

ASSIGN,  XX;3!'=ATRIB!!;,XX;32!=ATRIBi:!,XX(33!=ATRIB(3), 

XX  (34!-  =ATPIP (A! ,  XX (33! -ATRIB'5;  ,XXi3s)=ATRIB(!3) , 

XX  ;3T|IATR!B(19) ; 

ACCOM. 2, 2, LAST; 

ASSIGN,  ATRIB(!.!=XX  (31  i,ATR!B(2)=XX(32),ATRIB(3)si'X!33; , 

ATRIB (4) =XX !34) , ATRIB (9?  =XX (33? , ATRIB ! 13) =XX (36) , 

ATRIB(1?!=XX!37!; 

ACT, , ,CONT; 


EGXX  STAGE 

GOON,  1; 

ACT.,  ATRIS il!.E3.  ATRIB (2) .ME12: 

ACT; 

COLCT, BET. INTER  AT  EGXX,,!; 

GOON. 2; 

ACT. ,,3121; 

ACT; 

GOON,  1; 

AC'/21,ENCEM!24..:.,:-,At*!B(!!'.3E.<T'2'.CR.ATP!P':;).]E.XX<3;,:EAD; 

ACT; 

SCON: 

ACT/JNFRMfi:. .  14.  ,3) : 

ASSIGN.. ATRIB' IS; =TNQW; 

ACT, ,.3122: 

3L,EUE!22’,,,,MAT4;  ACFT 

cueoe mat4:  crews  avail 
MATCH,2.312li'AX2.3i22/AC2; 

ASSIGN. XX'3ilsAT»I8(l! . X* '32: =ATR!S!2:  ./XCG^ATRIBC- . 
<»(34'sATRIB;4),XX(:5)sATRIB!9),XXC6)*ATRIB!I3), 

XX (37: =ATRI2 (1°) ; 

ACCOM, 2, 2, LAST; 

ASSIGN,  ATRlBd:  =XX  (Til,  ATRIB'2'=XXC21.ATRIE(7'=<X':::;. 

ATRIB (4) =XX (34! .ATRIB :01 -XX !3C; .ATRIB (IT1 -XX'36), 

ATRIB !  1  “5)  =XX  (37A ; 


500N.1; 

ACT.  .ATRIBd- .EQ.ATRIE-Z) ,ME1  T: 

ACT; 

COLCT. BET. INTER  AT  KFXX.,1; 

500N, 2; 

ACT. ..0131) 

ACT; 

GOON, 1; 

ACT/21, RNORN (24. ,ATRIB(li) .5E.XX<2)  .OR.  ATRIE  <!2)  .GE.  XX i3>  .DEAD; 
ACT; 

GOON; 

ACT.UNFF.tK13. ,  1 4. , 3) ; 

ASSIGN, ATRIB ( 16) =TNOW: cCB 
ACT. ,,3132; 

QUEUEI23) , , , , MAT5;  ACFT 

QUEUE! ! Cl,,,,. «T5:  CFEWS  AVAIL  K/2 

“ATCH13,G!3!/AX3,Q132.,AC3; 

ASSIGN,  XX!31!=ATF.IB;i!,XX'32)=ATR!E(2),XX(33I=ATRIB!3;. 

XX 1 34) =ATR!B  <4> . XX (35) =ATRIB !°) . XX (36) =ATRIB ( 13) , 

XX(37!-ATRIE(1°:; 

ACCUM, 2,2, LAST; 

ASSIGN. ATRIBi  1 ?  =XX (31) , ATRIB ( 2> =X X (32) , ATR1B (3) =X X (33) , 
ATRIB(4)=XX(34), ATRIB (?) =XX(3S),ATRIB(13)=XX(36), 

ATRIB(1°)=XX!37!; 

ACT, , , CONT ; 


CYXX  STAGE 

SuON,  1; 

ACT. ,ATRISf IS . E3. ATRIB !2) ,HE14; 

ACT; 

CQLCT. SET. INTER  AT  CVXX. .  L; 

GOON. 2; 

ACT . , ,3141; 

ACT; 

BOON,:; 

ACT'’2!.F:N0W24.,3.,3).  ATRIP'  11)  .SE.XXiC?  .0®.  ATRIB'  12!.  Sc.  XX  'T'  .DEAD: 
ACT; 

GOON; 

ACT ,  iJNFRM  (13, ,  14. ,  3; ; 

ASSIGN.  ATRIB(lei=TN0»; 

ACT, , .0142: 

QUEUE ■: 21  ?,,,, HATfc;  ACFT 
QUEUE' 1 41 ... . NAT;:  [CEMS  AVAIL 
NATCH.2.QU1/AX4,Q142/AC4; 

ASSIGN.  XX  *31 )  *ATRIB  f  l ) ,  XX IT-Q)  *ATR!S '21 ,  XX  (33'  =4TR!B  O , 

U  :34'^ATR:9'4),XX'3!)-ATFIB,9),XX;3e)=ATRIB!13), 

XX(3~;=ATRIB!10!: 

ACCUN, 2,2, LAST ; 

ASSIGN.  nTRIRil  J=XX<31. '.AT»IB<:?*«(3:),ATRIP(3)=XX  (33? , 
4TSIB'4)sfXf:4'.ATRIB'?tsXX(35i ,ATRI3(13)=XX(36), 

ATRIB;i°'=XX!3'); 


•  -  -  -  •••*  -k-  *  -  --  -  ■> 


EDXX  STAGE 


SDKS  SOON,  1; 

ACT, .  ATF.  IB  i  1 ) .  EQ.  ATRI3  !2) ,  J1E15; 

ACT; 

COLCT. SET. INTER  AT  EDXX, , I; 

NE15  SOON, 2; 

ACT. ,.0151: 

ACT; 

GOON.  1; 

ACT/21, RN0RH(24. ,3. ,3) , ATRIB ( I 1 ) . GE- XX ( 2> . OR. ATRIB ( 12) . 5E. XX (3! , DEAD: 
ACT ; 

ED  GOON: 

ACT, UNFRtt' 17. , 14. . 3) ; 

ASSIGN. ATRIBil6)=TN0N; 

ACT.,, 3152; 

315!  QUEUE -OS:,.,,  HAT";  ACFT 

0152  QUEUE  IIS),,,,. NAT?:  CREWS  AVAIL 

NA”  NATCH, 5, 3151 /AX5, 31 52/ ACS; 

AX5  ASSIGN,  XX  Cl)  *ATRIB  (! ) ,  XX  (325  »AT«B  (2) ,  XX  (33)  «ATRIB  (?) , 

XX'.34)=ATRIB(«) ,  XX  <  35>  =ATR  IB  (9) ,  XX  <36)=ATRIB(13) , 

XX (37) =ATRI5 ( 1?) ; 

ACS  ACCUN.2.2.LAST; 

ASSIGN, ATRIB (1)=XX '31 ! ,ATR!B'2)=XX!32! , ATRIB (3) =XX (33) . 

ATR!B!4>=XX 134) ,ATRIB(9)=XX(35) . ATRIB (13)*XX(36), 

ATRIE(!?)=XX'37); 

ACT, , , CONT; 


ENXX 


NEia 


EN 


3161 

Qla2 

WATB 

AX6 


ACS 


ENXX  STAGE 

GOON. 1; 

ACT,  .ATRIP ID  .E3. ATRIB (2)  ,MEls: 

ACT; 

COLCr, BET. INTER  AT  ENXX. , 1; 

GOON, 2; 

ACT,, .21:1: 

ACT; 

GOON,  1: 

ACT/21. FNOPH'24., :\ATR!E(i:'. SE.XX'2!. OR. ATRIB' 12). GE.XX'3). DEAD; 

ACT; 

GOON: 

ACT,iJNF:n;1!.,14.,3); 

ASSIGN.  ATRIP (!i)=TNON; 

ACT. , .3162; 

QUEUE  :26>,,.,.NAT8;  ACFT 
QUEUE' 16),,,, NATE;  CREWS  AVAIL 
NATCH,  5, 3161/AX6.3162/AC6; 

ASSIGN. XX(31!=ATRIB(1!, XX!?2)=ATRIB(25. XX ■ 33> =hTRIE ?3; , 

XX i:4)=ATRIB(4! ,XX!35)=ATR!BI°),XX(36)=ATRIB(13), 

XX (37) =ATRIB ( 1?) ; 

ACCUN.2.2.LAST; 

ASSIGN. AT"IB I!)  =  <X !3!' .ATRIB 12) =XX!32: .ATRIB 13' -XX '33) . 


F-7 


ATRIB(4)=XX (34) , AIR  IB < ? ) =XX ( B ( 1 3) =X X (36) , 

ATRIB(i?)=(X(37); 

ACT, , , CONI ; 

KTIK  STAGE 

SOON, 1; 

ACT,  ,ATRIB(1! .EO.ATRIB(2) ,NE17; 

ACT ; 

COLCT, BET, INTER  AT  KTIK, , 1; 

SOON, 2; 

ACT,,,0171j 

ACT; 

GOON. 1 ; 

ACT/21, RN0RH(24., 3., 31, ATRIB!11).GE.XX!21. OR. ATRI3!!2).GE.XX!3>, DEAD: 

ACT; 

GOON; 

ACT,UNFRNI!3.,!4.,3); 

ASSIGN, ATRIB ( 16) =TNON; 

ACT,,, 0172: 

QUEUE (27) , , , . MAT?;  ACFT 
QUEUE! 17),,,, NAT9:  CREWS  AVAIL 
NATCH, 5.0171/AX7.3172/AC7; 

ASSIGN, XX(31)=ATRIB<1), XX(32)=ATRIB(2), XX <33)=ATRIB(3), 

XX (34) =ATRIB (4) , XX (35) =ATRIB ( ?) , XX (36) =ATRIB ( 13) , 

XX(37)=ATRIB(19) ; 

ACCUM. 2,2, LAST; 

ASSIGN. ATRIB (1)=XX (31 ) ,ATRIB'2)=XX (321 , ATRIB (3)  =XX(33) , 

ATR IB(4>-XXI34) . ATRIB (?) =XX (35) , ATRIB (13)=XX(36) , 

ATRIB(1?)=XX(37); 

ACT, , , CONT ; 

KDDV  STAGE 

GOON,  1 ; 

ACT,,ATRIB(11 ,E0. ATRIB(2) , HE 1 3 : 

ACT; 

COLCT. BET, INTER  AT  KDOV.,1; 

GOON, 2; 

ACT., ,3131; 

ACT; 

GOCN.l; 

ACT ' 21 , RNORH ( 24. , 3. , 3) . ATF IB < 1 1 ’ . 3E. XX (23 . jR. ATF IB • 121 . 5E. XX • 3> , DEAD; 

ACT; 

SOON: 

ACT,JNFRH(13.,:4.,3:; 

ASSIGN. ATRIB!li)=TNQN; 

ACT , . ,3132; 

QUEUE! 28).,,, NA1  Ci;  ACFT 
QUEUE! 181.,,,, 1 1A1C;  CREWS  AVAIL 
NATCH.  S.0181/AX8.01B2/AC8; 

ASSIGN,  if !31!=ATRIB(11 .XX !!C'=ATRIB!2).XX  !33)=ATRIB(3) , 

V  (34 '  =ATR I B  ( 4 1 ,  XX ' 3C>  =ATF I B ■' c * ,  XX  -36>  =ATRIB (13) , 


*  *  «*  "  *  '  *  *_"•  "*  *  w  *  %  *  ">•  *  ■_»  >■*“»>  "  »  *  h  k  '  «  *  h  “  j.  "  •.  m  '  ■  “  »  *  >  "*  ►«  “j* 


1 *Y* 


XX i37 • =ATRI3 ( 19) ; 

ACS  ACCL'H.  2. 2.  LAST ; 

ASSIGN, ATFIB ( 1 ) =XX (31 ! . ATRIP •Z?  =XX ' 32} , ATFI B  f3) =<  X  <33? , 

ATRIB  14' =XX (74' , ATRIB < Q> =X X (35)  ,ATRIB'!3>=XX<36), 

ATRIB ( 19) =XX (37) ; 

ACT, , , CQNT ; 

jtimmmmnmttmmmmmmmmmmmtmttmmummtmt 

;  UUHISSIQN  CONTINUATION!*** 

. . . 

CONI  SOON; 

ACT/:';  ENRQUTE  DEPARTURES 

ASSIGN.  XX(l?)=ATRIB(19)-.5,  XX  (20)=ATR!B'1<?>  +  .2J  XX  (39)  =XX !  10) -2; 

ASSIGN, ATRIB ( 1)=ATRIB(2) , ATRIB < 6) =TNOW .  1 :  PRESENT  N0DE=ATRIB(2! 

ACT/4. UNFR«(XX (1°) , XX (20> ) . XX (*) . FLY;  NO  MAJOR  NX 

ACT/2S,UNFRM(XX  (20) .  XX  10> ,  2) .  XX  ■  5)  ,FLV;  DELAY 

iCT/a. TRIAS(XX  ;3S)  ,XX  flO) ,XX?IO)  ,3) , XX  is) .STAGE;  RAMP  EXCEEDED 

\ttnnttuttnu\mtmmmmmmmmtttutummmmmmtmtut 

;  tllICK  MISSION  OL'EUES  FOR  WAIT  TINE  AND  ALERT  WINDOWS**** 

itmmtutttittttmtmtmtttituttttttnttttttttttttmttmtmttttttttttt 

CREATE, 1,!,. 3340; 

EVENT,:; 


EVENT, 12; 

TERN; 

;ttmxi*tt*xtt*t*txttt*tt*ttttttt*ttt*«(tttt*tixttttx*ttti*tttttttttt*****tttt* 

;  HltHOHE**** 

; ******************************************************************************* 

uONE  GOON; 

EVENT, 10, 1; 

COLCT,  INT'8) .MISSION  LENGTH; 

COLCT. I NT (6) ,LAST  DUTY  DAY; 

ASSIGN,  ATPIBU0>=ATP!B!!0>+TN0N-ATRiB!8>; 

GOCN; 

ASSIGN, XX(IB)=XX<18)-1; 

ASSIGN. XX !26) =XX iZil+ATPIB'7' ,hTRIB(''=0: 

ASSIGN.  XXC*>»XX(26)-XX  !27) ; 

ASSIGN,  XX  ( 30) -U  f  ZO )  +TNCW-ATR  IP's): 

ASSIGN.  XX  CO  =TN0W-XX  (24! ,  XX  (3?)  =XX  !30)  -XX  *40 ; 

ASSIGN.  XX  <4!)=XX(9)  *XX<23)  /730.56,  XX  (41>=XX<3?) /XX  (41  :■ ; 

ASSIGN, XX (42)=XX  <9)*XX(23) /730. 56. XX { 42? =XX (25' /XX  <  42) ; 

ASSIGN. XX 1431 =XX(42i *TNGW-hTRIBIB5  ; 

ASSIGN. XX  i 44 i  =XX f  43) X  ( 45) ;  TIN| 

ASS IGN .  XX  •' 4fci  =X X ; in ! :: :  / ”0 . .  X ' 4i i  =X X  ■: 34 '  ' X X  ■■  ia : 


UPDATE  30/90  TINE 
TRACK  MSN  LENGTHS 
TRACK  FINAL  DUTY  DAY 
TRACK'  TINE  AWAY 


ACCUMULATE  FLYING  TINE 
FLY  TINE  THIS  PHASE 


D’JT 


UUt  ! 

TINE  THIS  PHASE 
AYS  WORK  MONTH 
AVG  FLV  HOURS 
CUN.  ”INE  AWAY 
AWA v  'HIS  FHASE 
AVG  TIME  AWAY 


GuON, 1; 

ACT . , ATR I B I C ) . EG. 30 . HM3G ; 

ACT; 

ASSIGN. XXi!7)=XX!l7'>!; 

COLCT, XX C5I , SYS  FLY  TINE., 2; 
ACT. USERF(2)., START; 

ACT, USERF :3) ; 


» 

* 

ACFT  INBOUND 
FLY  TIME  THIS  sHASE 
CREW  AVAIL. 
ACFT  NX 


ASSIGN. XX(13>=XX(19)+1; 

TERN; 

HN30  ASSIGN. XX (58) =XX ( 59! ♦! ; 

COLCT, XX C2S) , SYS  FLY  TINE,, 2;  I 

ACT, USERF!2),, START; 

ACT, USERF (3) ; 

FREE, BACFT / 1 ; 

ASSIGN, XX(S8)=XX(S8)-1;  ! 

ASSIGN, XX(18)=XX(1B)+1; 

TERN; 

itmtmmttmttmtmmttmmittmimmttmmmuutmmmmt 

;  mtUNSUCCESSFUL  HOHESTATION  PREFLIGHTttl 

XCL  SOON; 


ASSIGN. XX (30) =X  X (30) +TNGN-ATF 13 ' £; ; 
ASSIGN, XX(18)=XX(1S)+1; 

GOON, 2; 

ACT,,, START; 

ACT / 3 , UNFRH ( 3 , 12,2) ; 

EVENT,  1,1; 

ACT/25.  ,ATRIBfl7).NE.0,QUE6; 

ACT; 

BOON, 2; 

ACT, , ,  QIC: 

ACT, , ATRIB  f 1 ) . EQ. 30, FR1 ; 

ACT, ,ATR!E(1). £0.10: 

FREE.ACFT/l; 

TERN; 

FR1  FREE. BACFT/ 1: 

TERN; 

XCLD  C-OON; 

ASSIGN,  XX ''  30 )  =  XX  ( 30 )  *  TNOW-ATR  IB  <  si : 
G00N,2; 

ACT.,, START; 

ACT; 

EVENT,  1,1; 

ACT. .  ATRIB!  Pi  .NE.O.QUEo; 

ACT; 

SOON. 2; 

ACT,,, 010; 

ACT ; 

50CN.1; 

AC:..ATR!5'2).Ee.:0,FR2; 

ACT: 

■REE.ACFT/1; 

TERN: 


ADD  DUTY  TINE 

RANP  EXCEEDED 
CREW  BACK  TO  CREW  REST 

IS  BRAVO  AVAIL? 
BRAVO  AVAIL-REHATCH 


RESCHEDULE  NISSION 

t 


I 

t 


DUTY  CAY  EXCEEDED  AT  HONE 


IS  BRAVO  avail: 
BRAVO  AVAIL-REHATCH 


RESCHEDULE  NISSION 


» 

I 


FRI  f  REE.  BACFT:’  1;  I 

TERN;  t 

XCLA  SOON,!: 

ACT/ 13; 


COUNT  NISSI0N5  CANCELLED  DUE  TC  NO  ACFT 


;  miSCHEDULED  NAINTENANCEMItHI 

tmiutmtmiiitmtititttimutimmmmmmtmmmuitiitittmt 

;  A.C.I  AND  REFURS  NOT  ACCGMPL IEHED  DURING  SURGE 

!  HONESTATION  CHECK:  2  DAYS  DOWN  EACH  40  DAYS 


CREATE, XX (47), 0; 

GOON; 

ACT, , ,AW30; 

ACT: 

AWAIT (1),ACFT; 

ASSIGN, XX(18)-XX(1S)-I; 
ftCT/29, RNQRH (48. , ! . , 3) ; 
ASSIGN, XX(13)=XX(18)+!; 
FREE, ACFT / t ; 

TERM; 

AW30  AWAIT (30), 8ACRT; 

ASSIGN, XX(19)=XX!18)-1; 
ftCT/29 , RNORM (48. , 1 . , 3) ; 
ASSIGN, XX(lBi*XX(18)+l; 
FREE,  BACFT/'l; 

TERN; 

4 

CREATE, XX (49) , 0; 

SCCN.i: 

ACT,  ,XX(49).EQ.t. TERN; 
ACT; 

GOCN: 

ACT...AW32; 

ACT; 

AWAIT (1) ,ACFT; 

ASSIGN.  XX  MS)  =x<  ‘  13«  - 1 : 
ACT '30,RN0RN'240. ,3, , 3) ; 
ASSIGN, <X!I8!*XX(!3>*i: 
rc'EE.ACFT/l; 

TERN  *E?N: 

AW33  AWAIT  (GOi.SACFT; 

ASSIGN, XX!10>-XXil5i-l; 
ACT ;3C,FNQF;M(3J0.  ,3.  ,3) ; 
ASSIGN, XX'!S'-XX'!8)+1; 
FREE , EACFT / 1 : 

■ERM; 

% 

CREATE, <X (30) . 100; 

6uGN.  I: 

ACT, ,XX(4Q>.E9.1, TERN: 
ACT; 

GOON; 

ACT , , ,AW33; 

ACT; 

AWAIT,i\ACFT; 

ASSIGN,  XX  >’  1 2 '  =  <  X  ■’  1 3  i  -  i ; 


A.C. 


REFURBISHMENT:  10  DAYS  DOWN  EACH  IS  NOS 


'REPLACING  ISOCHi :  30  DAYS  TOWN  EACH  34  NOS 
ARBITRARILY  START  AT  100 


NO  INS? 


SURGE 


I 

» 

» 


AC  T  /  3 1 ,  E  NOR  M  ( 7 2 0 . ,  1 0 . ,  3 ) ; 

ASEISM. XX(13)=XX(1S)»1; 

FREE. ACFT/l; 

TERM; 

AW33  AWAIT i 30 ) , PACFT :  I 

ASSIGN,XX(1B)=XX(18)-1;  I 

ACT/31, RNORM (720. , 10. ,3) ;  I 

ASSIGN. XX ( 18) =XX (18)+1;  * 

FREE , BACFT/ 1 :  I 

TERN;  I 

jttmmmmtmmmtmmmmmmmmmmmtmmmmmttm 

;  llttDEADHEAD  HOME;  EXCEEDED  FLY  TIHEIIU 

iitititiiiiiiitittiitmtitmtmimitmitttimmmitmmiittititttmti 

DEAD  QUEUE (7); 

ACT; 

COLCT, HIT'S), MISSION  LENGTH;  TRACK  MISSION  LENGTH 

ASSIGN.  ATF:IB(  101-ATRIB'  10)  +TN0W-ATRI8 (9) ;  TIME  AWAY 

ASSIGN, XX (30!  =XX  (30!  +UNFRH (8. , Is. , 2! , XX (23) -TNON-XX  <241 ; 

ASSIGN.  XX  !4!)=a(43!+TN0N-ATRIB(8),XX(«4)=XX(43)-XX(45); 

ASSIGN, XX (45) =XX (?) IXX (27) /730.55, XX (45! -XX  (44) /XX ( 46) ;  AWAY 

ASSIGN, XX 139) S»X (30) -XX (40); 

ASSI5N,XX!41)=XX(?)IXX(23)/730.Sa,n!41)=XX(39)/XX!4!';  WORK 

SOON; 

ASSIGN, XX (2s)=XX (25) +ATRIBI7) , ATRIS (7) =0;  ACCOM  FLY  TIME 

ASSIGN, XX (23) =XX (25) -XX (27) ; 

ASSIGN.XX (42!  =XX(°) IXX (23) /730.55, XX !42!=*X(23! /XX (42! ;  FLY 

COLCT, XX !2S>. SYS  FLY  TIME, .2; 

ACT.'JSERF  i'2) . ,  START ;  CREW  AVAIL. 

ACT; 

TERM; 

ENDNETWQRK; 

SEEDS.  s!i:::i!  ■■■NO. 438:533(2) /NG? 

;  IIUDESCR^'TION  Cc  COMPONENTS!*** 

:  iiitmmiitimiiiimimiimiimitiiiiiiimiittmiiiiiiiimimmmt 

; DOEUES 

;  1)  HOME  STATION  SCHEDULED  MAINTENANCE 
;  C'  DREW  =  F I  OF  "  MISSION  ASSIGNMENT 
;  3)  1ISSIDN 
;  *•  AWAI*  ACFT 

;  !)  DREW  PRIOR  TO  MATCHING  WITH  MISSION  ;MhTD) 

;  5'  MSN  PRIOR  TO  MATCHING  WITH  CREW  iMAT2) 

;  ’1  DEADHEAD  TRANSITION 

;  3)  5F.AVG  DREW  FILE 

;  r  BRANCHING  FOR  WINDOW  '-FORTRAN) 

;  10i  B  BRAVO* 

;  11-19)  CREW  ENRCUTE 
;  20-03'  ACFT  ENROUTE 
;  30)  AWAIT  INSP  BACFT 
:  Dl)  AWAIT  BACFT 


i  ACTIVITIES 
;  1)  CREW  REST 
;  2)  STAGE 

;  3)  PREFLIGHT  HOME  STATION  -  ON  TINE 
;  4!  PREFLIGHT/MX  AT  STAGE 
i  5)  FLY 

;  6)  RAMP  EXCEEDED  ENROUTE 
;  7)  RANP  EXCEEDED  AT  HONE 
;  8)  QUICK  TURN  GND  TINE 
;  9)  MX  AFTER  XCL 
;  10)  NUMBER  OF  MISSIONS 
i  11-17)  BASE  COUNT 
;  18!  CANCELL  NO  ACFT 
;  1?)  DUTY  DAY  CANCEL 
;  20)  EXCEEDS  30/90  LIMITS  AT  HOME 
:  21)  EXCEEDS  30/°0  LIMITS  IN  SYSTEM 
;  22)  i  MSNS  NOT  CANCELLED  PRIOR  T0  PREFLIGHT 
;  23'  I  ENROUTE  MISSIONS 
;  24)  DEPARTURES 
;  25)  BRAVO  FLIES 
;  26)  DUTY  DAY  XCL  AT  HOME 
:  27)  PREFLI6HT  HOME  STATION  -  LATE  DEPARTURE 
;  28)  PREFLIGHT  ENROUTE  -  LATE  DEPARTURE 
:  29)  HSC 

;  30)  REFURB 

!  31)  A.C.I. 

;  32)  APPROACHING  30  DAY  LIMIT 

:  33)  APPROACHING  a0  DAY  LIMIT 

i  34!  CR  FOR  BRAVO 

: USERFS 

;  1)  FLY  TIME 
:  2!  HOME  CREW  REST 

i  3)  MX 

;  4)  CALC  MISSION  PCEG  ’0  MEET  rUP 

:  5)  STAGE 

;ATTR’SL'TES 

i  !'  DPESENT  NODE 

;  2!  NEXT  NODE 

;  3'  SQPT!E  CLY  T[ME 

;  4)  5TABEM 

:  3 ■  BASIC-1 

;  :)  SHOW  *!ME  C0R  DAY 

:  "■  CUM.  PLY  TIME 

;  8;  SHOW  TIME  FOP  MSN 

;  =!  P'OUTE  NUMBER 

;  10!  CUM.  TIME  AWAY  FROM  HOME 

:  II'  CUM.  FLY  TIME  FOR  30  DAYS 

i  12)  CUM.  FLY  TIME  FOR  ’0  DAYS 

i  IT'  WHICH  LE5  NUMBER 

;  14>  CREW  ID 

:  13’  DAILY  CJM  PLY  TIME 


!&)  START  TIME  MISC 

17)  MISSION  FOR  BRAVO  CREW 

18)  EVENT  NUMBER 

19)  SCHED  6RQUNB  TIME 

20)  NLE6S  IN  MISSION 
.AM 

1)  STAGING  POLICY  -  1  CREW  FOR  EVERY  ??  ARRIVALS 

2)  30  DAY  FLY  TIME  LIMIT 
3!  °0  DAY  FLY  TIME  LIMIT 

4)  ON-TIME  PROBABILITY 

5)  DELAY  PROBABILITY 

6)  RESCHEDULE  PROBABILITY 

7)  PERCENT  AVAILABLE 

8)  CREW  RATIO 

9)  I  CREWS  CREATED 

10)  MAX  RAMP  TIME 
11!  ALERT  WINDOW 

12!  »  OF  HOURS  AFTER  WHICH  MSN  IS  CANCELLED  IF  NO  ftCFT  np  CREW 
13!  COUNTER  FOR  CREW  ID 

14)  NN0I2) 

15)  MISSION  FREQUENCY 

16)  RESOURCE  COUNT  OF  INBOUND  ACFT 
17!  ACFT  HOME  PENDING  MAINTENANCE 

18)  I  PMC  ACFT 

19)  MISC 

20)  MISC 
21'  MISC 

22)  NUMBER  OF  LEGS 
23'  TINE  SINCE  PHASE  CHANGE 
24'  TIME  OF  PHASE  CHANGE 
25)  "LY  TIME  SINCE  PHASE  CHANGE 
26-  SYSTEM  FLY  TIME 

27)  FLY  TIME  AT  PHASE  CHANGE 

28)  UTE  RATE 

29)  I  ACFT  CREATED 
30!  ACCUM.  DUTY  HOURS 

31-37!  SAVE  ATTRIBUTES  AT  STAEE  BASES 
38;  MISC 

3C)  DUTY  time  SINCE  PHASE  CHANGE 
40)  DUTV  TIME  AT  PHASE  CHANGE 
41;  AVG  WORK  MONTH 

42)  AVG  MO  PL-  HOURS 

43)  TOTAL  TIME  FROM  HOME 

4«'  TIME  AWAY  SINCE  PHASE  CHANGE 
45)  TIME  AWAY  AT  PHASE  CHANGE 
46!  AVG  MO  TIME  PROM  HOME 

47)  PpEQ  CF  HSC 

48)  FREQ  OF  REFURBISHMENT 

49!  O-PEACE,  1=SUREE,  2=5USTAINED 

50)  PPE3  OF  ACI 

51)  PENEGES  RPDN  RESCHEDULING 
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APPENDIX  b 


:3RTRAN  Main  for  Nu.l  1 1  si  5  Hcrnebass 


PROGRAM  MAIN 
DIMENSION  NSET '400001 

C0HH0N/SC0M1 /ATRIS i 1 00) . DD (1 00) . DDL ! 100) . DTNDN. 1 1 . UFA. MSTOP. NCLNR 
1 ,  NCRDR .  NPRNT .  NNRUN ,  NNSET .  NTAPE .  SS 1 1 00 ) ,  SSL !  190  i ,  TNEXT .  TNQli,  >.  X 1 1 00 ) 
COHHON/BRIAN/NUHRTE. BASIC  110), HLEBS ( 10) . FREOPC ( 10) . TURPC. TURS5 
l.NBASEUO.0: 10!  .STAGE  (10. 10!  .S6TI10. 10) ,  SAT  (10, 10)  .NACFT,  ROUTE 
1 ,  FREOSU  HO).  FREOSS  (10).  TURSU.  HRSMO. Ei'PFLY 
DOMNON/FLY/ ACFLTM (216.91), MAN, N 
COMMON  3SET! 40000) 

EQUIVALENCE (HSET  U ) .  QSET 1 1 > ) 

NNSET =40000 

NCRDR=5 

NPFNT-: 

NT  APE=7 
NPLGT =2 
CALL  SLAM 
STOP 
END 

SUBROUTINE  EVENT (JEVNT) 

COMMON/SCOHl/ATR!BilOO).DD!100i,DDL:iOO),DTNON.I!.MFA.MSTOP.NCLNP 
1, NCRDR. NPRNT. NNRUN, UNSET, NTAPE. SS!  100). SSL!  100) .TNEIT.TNON. XX!  100) 
COMMON/BRIAN/NUMRTE.EASICUO! .  NLE5S  ( 10? ,  FP.E3PC !  10) ,  T'JRFS.  TUFSE 
) . NBASEflO. 0:10) . STAGE ! 10, 10) . $5T ' 10. 10) .SAT ! 10. 10) . NACFT. ROUTE 
1 ,  FFEOSU i 10! .  FRE3SE i 10) . T|JRSU.HFSMQ,£XPCLY 
COMMON/FLY/ ACFLTM i 2 1 6 . ? 1 ) . MAN, N 
DIMENSION  NSET (40000) 

COMMON  3SET f40000) 

EQUIVALENCE  INSET  UJ.3SET  U:  : 

goto  ii.:.:.4.o.s.',s.Mo,n.;:.i;.i4i  jevnt 

CAL.  BRAVO 

RETURN 

CALL  CANCEL 

RETURN 

CALL  MI  OOP 

RETURN 

CALL  MISSION 

RETURN 

CALL  NEXT 

RETURN 

CALL  STAGECR 

RETURN 

CALL  SURGE 

RETURN 

CALL  SUSTAIN 
RETURN 

CALL  UPBRAV'.i: 


call  window 

RETURN 

I 

CALL  SPLIT 
RETURN 

CALL  UPBRAV12) 

RETURN 

END 

SUBROUTINE  BRAVO 

tmmmmmmmmtmmtttmmmtmis  bravo  crew  available' 

REWRITTEN  FOR  MULTI-BASEl 

CQNMGN/SC0M!/ATR!E(100)  ,2D!!00)  .DDLiiCO)  .DTNOSI.  IJ.MFA.MSTQP.NCLNR 
: . NCPDR.NPRNT, NNRUN. NNSET, NTAPE.SS i IOO) . SSL i  100! . TNEXT. TNGK. U ! 100) 

COMMON  3SET (40000) 

DIMENSION  NSET 140000) 

EQUIVALENCE  INSET ! I ) , 3SET (11! 

DIMENSION  A ( 34) 

NQ8=NNG(8) 

NGI0=NNQ(10) 

IF  (ATRIB(l)  ,EQ.  10. .AND.NQ8.E3.0)  50  TO  12 
IF  (ATPIB(l) .EQ.30. .AND.N810.EQ.0)  £0  T0  12 
IF  (ATRIB(l) .EQ.10. .AND.NQS.NE.O!  CALL  RMOVEil.S.A! 

IF  A  TR I E !  1' .  EG .  30 . .  AND .  MG  1 0 .  NE. 0 !  CALL  RfffVE '  1 . 1 0, A) 

A(9)=ATR!B!?) 

Ail7i=ATR!B(i) 

XX  <521 =ATRI9 ( 1 ) 

CAL.  FILEMC5.A) 

ATR!B'1':=ATR!B!1' 

;r  ATF.IBID.EO.lO.i  CALL  JPERAV(l) 

IF  (ATRIBil). EQ.30.)  CALL  'JPBRAV<2> 

=E'.RN 

END 

SUBROUTINE  CANCEL 

tmmmmmtCANCEL  if  in  scheduled  men  queue-:,  rof.  mope  than  ::  hr 

COMMON/SCOMi/ATPIB ( 100!  .30 1  IOO) .  DDL  i 100) .  DTNQW.  1 1 .  MFA,  MSTOF'.  MCLNR 
1 ,  NCFDF: .  NRRNT.  NNFUN.  NNSET .  NTAPE.SS !  100) .  SSL  HOC1 .  TNEXT.TMOH.XX  i  100) 
DIMENSION  NSET1 40000) 

COMMON  OSET  ' i-OOOO) 

EOL'IVALENCE'NSETII  •  .aSETIl) ) 

DIMENSION  5'34i 
INTEGER  RANK 
RANK=i 
NY=NNO i 3 ) 

IF  (RANK. ST. NY’  50  TQ  !! 


CALL  COPY f RANK. 3, B) 
TT=TN0W-5  < 1 6  - 


IF  (Bill  .EQ. 10. !  XX'.1')*<XU:>+1 
IF  'BdS.EQ.30.}  X X (S9 > = <X f 59) +1 
CALL  PMQ VE ( RANK . 3 . B ) 

NY=NY- 1 

XX (5i!=XX (51) +1 
50  TO  9 
RETURN 
END 

SUBROUTINE  NIDUP 

ttutmtmmttmmtmmmtttmmmttmmcHANGE  day  for  upflth 
HQffllON/SCOM/ATRIBtlOQ). DD!!00).DDL!100). DTNOH.il. UFA, NSTOF.NCLNR 
1 , NCRDR. NPRNT. NNRUN. NNSET, NTAPE. SS ! 100) .SSL! 100) . TNEXT. TNOH.  XX ( 100! 
CQHNQN/FLY/ACFLTH!216.?i:.!1AN,N 
IF  (N.E3.9!)  THEN 
NM 
ELSE 
N=N+1 
END  IF 

DC  30  L-1,216 

IF  (N.EQ. i.AND.ACFLTN'L.N) .LT.ACFLTN'L.N+li )  THEN 
ACFLTM!L.N)=ACFLTH!L.91) 

ELSEIF  (N.EQ.0!. AND. ACFLTH(L.N) .LT.ACFLTNIL.  1)1  THEN 
ACFLTN'L.N! =ACFLTN(L,N-1) 

ELSEIF  'N.LE.°C.AND.N.GT. I.AND.ACFLTHiL.N) .LT.ACFLTNd. N*!)) 

’HEN 

ACF.  T*  •’  L.  N )  *ACFL  T* '  L .  N- !  ’ 

END  IF 
CONTINUE 
htR!B  ’  13) =  3 . 

CALL  :CHDL.3..:*OOE-02.ATFIg> 

;tf ip ' : =0. 

RE'UPN 

END 

SUEFCL’INE  NIESIEN 

iiiiiiitiitiiiiiiiiititiiiiimiitiiiitimtiimitiiiminR:is(  niseion- 
CCNNCN.  ECO!*:  ATRIfdOC  .  D5 !  DO ' . 3DL •.  1  GO ! . I TNOK. li.NFA, NSTOF.NCLNR 
l.NCcDR.NPENT. NNRUN. NNEE’.NT-PE. EE dOOd EEL  IDO'.TNEXT.’NOX.iX'.lOO! 

C jfiKCN  'BRIAN  NUNF.TE. BASIC dO  . NLCSS .  10.- . F^EOPC '  10! . TURPC. T'JFSG 
l.NEAEE.II.  /: !  1 1  .E’AEE  ID. !!■' , EG* :  10. 11 ' , SAT ; !0. IC) . '|A["T.  ROUTE 
l.r:ECE.  M'.-£E:S3  ID'.T'JPSU.HFENG.EXPFLY 
I=DcANC ■ 3 ■ 

CUN-0 

NP=: 

IC  C!  .’  =  I .  MUMRTE 


IF  i ID  P'.Ea.I'  2 J«=C'J«*F=E3PC ' J* 
IF  :UN-CUn‘cRE0S6!j) 

IF  U:4(5'.E0.C'  CUN-C'JJ1*F£EQS'2':' 
Ic  X. EE. CUN'  NP-NP+1 

;;nt:nue 

at£:b;:  s-ibase-nf.  )■ 


4TF;t3!9!=NP 

RETURN 

END 

SUBROUTINE  NEXT 

iiiiitititiiitiiiiiiiiiiiiiiiitiiitiiiiitiiimmmimiiitmBi  les 

CQMON/SCON1 /ATRIB ( 100) . OD 1 100! . DDL ! 100) . ETNON, 1 1 . UFA. NSTQP, NCLNR 
1 ,  NCRDR.  NP*?NT .  NNPUN,  NMSET ,  NT  APE.  5S  f  1 00) .  SSL  ‘  1 00) .  TNEXT.  TNQH.  XX (100) 
CDmiOM/BRIfiN/NUNRTE. BASIC !  10) ,  NLE6S  ( 10' .  FREQRC  ( 10/ .  T'JRPC.  TURSG 
l.NBASE 110,0: 10) « STAGE  <10,101.  SGT  IIO.IO.SAT'IO.  10! .NACFT, ROUTE 
1 , FREOSU (10) , FREQSS ! 10) . TURSU . HRSMO. EXRFLV 
ATR1B(13)=ATRIB(13)+1 
ATRIB (2) =NBASE ( ATRI B (?' , ATR I B ( 1 3) ) 

LTRIB ( 3) =SAT ( ATR IB  (?) .ATRIBil!' ) 

ATRIBT4) =STAGE (ATRIBi0) .ATRIB(13) ) 

ATRIB'5) =1 

ATR!B!1?)=S5T;ATFTB(C!.ATR!B(!3) ; 

ATRIB! 20! sNLE5S( ATRIB (9) ) 

RETURN 

END 

SUBROUTINE  SPLIT 

ttimmmmmmttmmmmmmmtiDiviDES  opens  betneen  bases 

NEN  CQR  KULTI-3ASE* 

C0NNQN/SC0N1/ ATRIB i 100! . DC ( IOC) . DDL (100) , DTNON. 1 1 , ttFA.MSTDP .  NCLNR 
I , NCRDR, NPRNT.NNRUN. NNSET. NTAPE.SS ! 100) . SSL ! *00' .TNEXT. TNON. XX ! 100) 
I=A"!BiI4) 

IF  ; NOS! 1, 31 .EG. O'  THEN 
ATRIB ( 1 : =30. 

ATRIB(2)=30. 

ELSE 

ATRIB • 1; =10. 

ATR  I B  <  2  ■  = !  0* . 

END  IF 

RETURN 

END 

SUBROUTINE  5TA5E0P 

ititmttitinttimtmtiitmmttmttittmuiPosiTiON  stage  opens 
ODNKON  SCO*:. ATRIB .!00:.DD:  100). DDL:  100). DTNOii.II.rFA.NS'u'. NCLNR 
1 . NC  F  De . NF  6NT , nNPUN . NNSET . NT APE . S£ { 1 00  > . SSL • 1 00  <  t  THE*  T . TNON. a (ICO: 

OONNON  BRIAN.  NURPTE. BASIC 'IC  .  NIS53 : 1 D  • .  cc:EOPC  1 .  TURRO.  TURS6 
1, XBASE  : : . IT)  .STAGE  1 : .  .SST:  Sv.10I.SAM9.  Iv).NAC?T.?QL'-’E 
! . "EDSU  !  . ‘'EOSGC'  •.T,JRS'J.,«tS,!O.EWLT 
DIMENSION  NSr'icOOO’ 

:on*on  3set,io,)ooi 

EQUIVALENCE  ■  NEET  ■'  1  :  .  0SET  1 1 1  ’• 

'I  "ENSIGN  Ai34 ■  .NNTGT ! 18) 

do  :  i-n.is 

NNTOT '  I  ; =0 

cont:nue 

DO  10  I-l.NUNRTE 


IF  (STAGE!!. O.EQ.l)  THEN 
NB=MBflSE(I,J) 

IF  ( XX •  49) . £0.0}  NNTOT !NB)=NNTOT (NB)+FF:EGPC!!)  MHRSMO/ 

1EXPFLY) /XX { 1 ) 

IF  (XX!49).Ea.l)  KNTOT ■ MB) =NNTQT (NB>  +FREQSG • I ) * ( HRSMO/ 

IEXPFLY) /XXII) 

IF  ( X X i 49) . EQ. 2)  NNTOT < NB >  =NNTOT ' NB ) +FREQSU ! I ) » ( HRSMO / 

IEXPFLY) /XX (1) 

END  IF 
CONTINUE 
CONTINUE 
DO  25  K*ll, 18 

IF  (XX (45! ,EQ.O)  NR I TE i NPPNT . 1 00! K , NNTOT ! K ) 

IF  I XX (49) . EQ. 1 )  WRITEiNPRNT, !01!K. NNTOT (K) 

IF  (XX'49>.EQ.;>  MRITF (NPRNT.  10DK. NNTOT iK) 

CONTINUE 
DO  22  K=l 1 . 18 

IF  !  NNTOT  !K!.LT.NN9!I0.'  ’HEN 
CALL  ULINK!1,.<! 

CALL  LINK (7) 

GO  TO  Cl 

ELSE1F  (NNTOT (K) .GT.NNQ(K) !  THEN 
IF  rNNQ (2) . EQ. 9)  SO  TO  22 
CALL  RHOVE 1 1 . 2. A) 

Ai2)=K 

START  NISSICN  FOR  STAGE  CREW  ALLOWING  FOR  DEADHEAD  REST 
A'5!=TN0W-'JNFRN(£..lt..:;-l2 
CALL  FILEN'K.A) 

NNT0T(K;=NNT0T(K)-1 
GO  '0  Cl 
END  IF 
CONTINUE 

FOPMAT'*  PEACE  STAGE  OPENS  AT  ’ .  12.  ’ :  M2) 

FORMAT!*  SURGE  STAGE  CREWS  AT  MC.’:  .  12) 

FORMAT '■  SUSTA!NED  STAGE  CREWS  AT  MC.':  MC' 

RETURN 

END 

SUBROUTINE  SURGE 

mmmmmtmmttmttmtmmmmmmmRANSniQN  to  surge 
COMMON- 'SCOMl/A’R IB' 100:  .  DD‘  ICO'  .DDL! 100'  ,DTNCW. II.MFA.MSTOP.NCLNR 
1 . NCFDP. NPPNT. NNRUN. UNSET. NT APE, SS i 100; , SSL ( ICO! . ’NEXT. TNON.XX! 100) 

■COMMON  ERIAN/NL'NRTE. SASIC ! !C>!  .NLESS'iO'  .FFEOPCIO1.  T!JP°C.  TUR3G 
l.NBASE  •'10.0: 10'  .STAGE  (10. 10)  .SGT!  10. 10)  .SAT '  10. 10S  .NACFT.  :OL‘T£ 

1 .  "REOSL1  ’  10! .  f  REQS5  ( 10: .  TURSU.  HRSMO.  EXPFLY 
XX(4«'*1 
iX  (20=4 
XX  ( 15)  ='JSEPF  ■  i! 

;x (10) =12 

x  x  i  1 1 ; = i ; 

(^  ':■*■=.  !c30E*04 


L-J-' 


26 

U!40)-<X(30) 

Si(  f45)=iSt*31 

NCF,EM=(XX  (3)  INACFT*2/4)  *XX  (7) 

DO  10  1-l.NCREN 
CALL  ENTER (1. A) 

CONTINUE 

XX  <9) =XX  (?) +NCPEW 
CALL  STASECR 
RETURN 
END 

SUBROUTINE  SUSTAIN 

mmtmmmtummmmmmmttmmmRANSiTiQN  to  sustained 

C0MN0N/SC0N1 /ATR IB ( 100) . DD ( 100) , DDL ( 100) . DTN0N, 1 1 , NFA, NSTOP, NCLNR 
1 ,  NCRDR ,  NPRNT .  NNRUN .  NNSET .  NTAPE .  SS  U  00 ! .  55L  ( 1 00 ! ,  TNE  XT .  TNOW .  X  X !  1 00 ) 
CQMKCN/BRIAN/NUNRTE. BASIC; 10). NLEGS! 10). FREQPC! 10), TURPS. TUPSG 
! , MBASE  i  10. 0: 10) . STAGE i 10. 10) . SGT (10.10'. SAT  <10.10), NACF~ . ROUTE 
: . FBEflSU (10) . FRE9SG ! 10! . TURSU. KRSHO,  EXPFLY 
xx (4P)=2 
m53)«2 
XX(15)=USERF-4) 

XX  <10)=6 
XX(11)=6 

XX (24) =. 2760E+04 
XX(27?=XXC2fe) 

U  (40  •  -XX  (30) 

XX  (4f )  =XX  '.475 
CALL  STAGECR 
RETURN 
END 

SUBROUTINE  UPBRAV'Kl 

ttmttmttmmmmmcHANGE  bravo  crew  every  is  rrs  cp.  when  utilized 

REWRITTEN  FOP  MULTI-BASE! 

CCHNON/ 3COM! /ATPTSi 100) .DD(IOO). DDL ! 100! . DTNON. 1 1 . UFA. NSTOP. NCLNR 
1.  NCFDP.NRf'NT.NNFUN.  NNSET.  NTAPE.  SSI  100).  SSL'  100).  TMEXT.TNQM.  XX  i 100) 

CQNNOH  uSET (40000) 

DIMENSION  MSET| 40000) 

EQUIVALENCE • N£ET ! S ) . OSET ( 1  * ) 

DIMENSION  ;i’4i.B!34) 

ATPIB • 1 S ) =0 . 

NQB=NNQ!8) 

NQ1  :=NI“tG  ( 10 ; 

EG  ’3  1.0.  K 

IF  ;n;5:>.£S.iO.. 2R.NQ8.E3. 0^  GO  TO 
CALL  FUGUE  ' 1.3. A) 

CALL  c I LE“ '  I . m ) 

*lEXT=MHFEi2) 

IF  <NE(T.EQ.O. GR.NNACT :TT' .GE. 1!  50  TO  11 
CALL  COP* -NEXT.  2.  A) 

IF  1 A ( I J . ES. 10. !  £0  tq  15 
NEXT  =NSUCR f NEXT) 


J  1 


SO  T0  !3 

CALL  RHOVE (-NEXT.:. A) 

!F  !ATRIB(17!.E3.0»  CALL  F ILEM (9, A) 

IF  (ATRIB(17'.NE.O)  CALL  FILEH!32.Ai 
30  TO  11 

IF  (H(52) .EG.30..0R.N910.EQ.0)  SO  TO  17 
CALL  MOVE  (1,10.  A) 

CALL  F1LEHC.A) 

MEXT=««FE(2) 

IF  ; NEXT. EQ. 0. OR. NNACT (34) .EE. i )  GO  TO  18 
CALL  COPY (-NEXT, 2, A) 

IF  (All). £3.30.)  GO  TO  16 
NEXT=NSLICR(NEXT) 

GO  TO  14 

call  r«ove:-next.:.a) 

IF  (ATRISCD.Efi.O)  CALL  FILSM'IO.A) 

IF  (ATRIBilT1  .IIE.O)  CALL  FILE“i3C,A) 

GO  TO  15 

NRANK=NF ! NC  > 1 . NCLNR . IS . 0 , : ,  C .  0 ) 

IF  •NRANk'.NE.  j)  CALL  F.MQVE (NRANK , NCLNR,  B) 

ATPIB • 19) =°. 

CALL  5CHBL  3. .  4800E+02. ATRIB) 

ATRIB (16)=0. 

XV, Z 21=0 
RETURN 

SRANK=NFIND(1. NCLNR. 18.0.  !*, . j.  )> 

;c  vpAKk.  NE, ; )  CALL  'SQVE'NF'ANf.  NCLNR,  81 
ATF!r:lE! =14. 

CAL.  ECHDL 1 14. . 480OE+O". ATRIB) 

ATPIB ' IE' =0. 

(•  !C!=0 

RETURN 

END 

SUBROUTINE  JPFLTN 

lllIIttlttttnmttltttlltlltltllllilttllllllltl.r'A"  "0  AND  :o 

C3NN0N.  SCO!*!.  ATRIB  •'  I  CO) .  00(100: .  OOL !  130: .  OTNOW.  1 1 .  NFA.NSTOR,  NCLN 
,  NCPOP.  NFPNT.  ,'INRUN.  NNSE  • .  STARE.  SS  •  100) .  SSL  1 100! .  TNEXT.  TNCW. XX !  10 
COfffCN.'BF  IANTNUSRTE.  SASIC  10!  .MLESSHO*  .FREQPCIIO) .  T’JRRC.  T'»S6 
.NEASE ' 10,0: 10). STAGE  110.10' . SSTC10. 10) . SAT (10. 10) . NACFT. ROUTE 

.  freosu  : :  .  freosg  1  io' ,  tuf.S'j.hpsmo.  expfly 
comhon/'l-  acflt!*'::6.3!) .nan.n 

Ir  “I.  EG.  3 1 )  THEN 
M*»0=1 
ELSE 
N90-N+! 

ENDIF 

IF  (N.SE.31)  THEN 
N30=N-30 
ELSE 

N3C!=°  1 +N-30 
ENDIF 


•j-  v  v, 


-”!r  :Z  =4".’*  ;TSIS' !4'.N»*iTRIBU5:,*ACFl.TH(iTFI9,l4!,S90) 

ATFIECI  !=irc:*N,;T?ip,  -1,  ,«i)»aTP!B:  15>-ACFLT»!<AT»I»i  14) .M30» 

-"IP  ;j  ,«i3'  ■  =A:F'_Tf1  (iTFIB f !4) . +wTR:B<  15) 

ATt'i  ;e  : 

: :  pi  =;tc:p'!1) 
irf?  =;,c:p::' 

:E’L‘RN 

END 

SUBFOLCNE  »AFM'jP 

cow*  see:  htm e  •.  ioc  ■ .  do  •  oo> . dsl  .  iooi . 3Tno«.  :  i .  wfa.^stop . mclnr 

: .  NCrDc .  NC'&NVINP,JN,NNSE'\  NTAFE.  3S  ’  I0C»> ,  SSL  (100* .  rNEXT,  TN3W.  X?f  100) 
n  ;i  s.aoeoE-': 

U>;*0  =ni:0' 

<24!  =f ! ' 43) 

RE".lfN 

END 

SUERO'J'INE  *1N0G» 

iiimuitttmtimtmtmitutmmmmttmttumttCK  alep7  window 
•OCWW'SCON!  C . 3Df  IOO* .  DDL '  !00* .  0T¥Q«.  1 1 .  MFA,  MST9P.  NCLHR 
1 ,  NCPDF.  SPCNT,  NNPUN,  NNSET.NTAPE.  =B>:  IOC!.  SSL'  100!.  TNEH.  'NON.  IX ■'  100' 

COMMON  3EET  240000) 

DIMENSION  NSET '40000) 

EQUIVALENCE ' MSET ( ! > . BSET (II) 

DIMENSION  AC 4).  BC4) 

INTE5EP  -ANK.S.IFILE 
RfiNK= I 

1=4 

;=NNGC 

:r  fank.c-t. ::  so  To  11 

CALL  :CPv'PANM.Ai 

*»i2N-A!is'\wE.n  11: '  SO  T0  11 
call  cmovE'.panc:.a: 

IF  'I.EQ.41  rHEN 
xx  <  r:  =xt ' *1 
TF=A(?) 

NR  ANK =NF  I ND  •:  1 ,  - ,  ? ,  0 ,  TF .  0 . 0 ) 

CALL  °«CVE INRANK.6. 8) 

Ui51=5»iSl!  +  ! 

ELSE"  'I.EO.ED  ’HEN 
niC3)=CCS)C 
*F=A(9) 

nra!u:=nf:ni':.;.'j.  j.TR.o.o: 

CALL  RMD’.’EINRAKK.S.B) 

nil : ' = ^  x  ■  f  i :  *  i 

END  IF 

l-7-\ 

AC0)  =  1 

CAL.  filemc.a: 
ircii=?rs4)ti 


:f  then 

i=:: 

ELSE  I c  .I.EQ.ri.'  THEN 
1  =  11 
ELSE 
1  =  1  +  1 
END  IF 

IF  1.LE.19)  THEN 
Z=NNG'.T 
60  tq  9 
ENDIF 
RETURN 
END 

sl'Bfg:jt:ne  :ntl: 

zdnncn,  sconi  .  atrib : :oo;  .  25 i 1  .  ddl  iiooj  .  dtnqn.  : : .  sfa.  kstof.  nclnr 

1 .  NCF  DR ,  NFFNT. NNPUN, NNSET ,  NTAPE.  S3 !  SCO! ,  EEL  (100) .  INERT,  INCH,  U  (100) 
3DM0N  ’BF: IAN.  N'J!*FTE,  BfiEIC •' lv; , NLE5S !  10) . FStGPC !  1C ! , TURPC. TURSG 
1 . NBASE !  1C, 1:10'. STAGE  10. 10! , SET ! 10, 10! , SAT !  10. 10! . NACFT, ROUTE 

: .  FrEOSU  1 1 .  ff.eosg  no),  tuf.su.  hrsmo.  expfly 

DIMENSION  NSET (40000) 

SOfOION  QSET?40000) 

EQUIVALENCE (NSET ( 1 ! , Q£ET ‘ 1 ) ) 

Z  UNNCN  /'  FL :  /  ACFL  IN  ( 2 1 4 ,  ?  1 ! ,  NAN ,  N 
CHAFACTEFI4  EASE! 10. 0:10) 

NUNPTEsO 

NPi’E'NPPNT.COO.1 

•  •  F2UTE  DATA’) 

OPEN  •: L'N !'=!!.  FILE*’RGUTEi. 1  ,STATUS»’QLD’ ' 

PE*IIND!13) 

READ;! 3.4! 'CUTE 
;p  .ROUTE, ! E. OOQO'  THEN 

READ  (13. 1)  BASIC  (ROUTE) .  NLEC-S  ROUTE: .  FPEQPD  (ROUTE? 

1 . r£  E325 (ROUTE: , FRESSU (ROUTE) 

READ!  13.20!' (BASE (ROUTE. J).  3*0. NLE5E (ROUTE!) 
c:fnat'::a6) 

READ •  13,  | )  (STAGE  (ROUTE. .''.3=1. NLEGS  (FOUTE i ) 

READ '13.1  SET  ROUTE. J1 . 3=1. NLEGS (ROUTE) ) 

READ ’13. : SAT ' f  CUTE.  2 ' ,  J*  1 . .NLESS  (ROUTE : 
ilP!TE  'NPF.NT,  DO:;  ROUTE.  SASIC  (ROUTE:  .NLE5S ! ROUTE) 

■2FNATI-  =OUTE:  *  .F3.  D.DS.  *  1  iR  BASIS:  'NLNBE?  3F 


14ft TE •’ ‘ipcNT.3'3(  '•'EOF''  TSUTE  FPEQEG  ,cr"Tc;  rFcQc"  :Fn"TC’ 


SUSTAINED  USAGE:  ' .FT. 31 

(4R:TE  'NFFNT.  303)  (BASE  (ROUTE.  J!  .J=0.  NLESS  (ROUTE) ) 
FORNATi’  BASES:  \5X.HAt! 

14RITE  (NFFNT,  304)  (STAGE (ROUTE,  Ji  .J= UNLESS  (ROUTE) ) 
FORNAT!’  STAGE"  \3a.11F4.0) 

nf;::E'Nff.n’.:.'5)  isg:  (route,  jj  .m.nlessiroute)  ) 

FORNATi'  3CHED  5MD  ’!«£:  '.llri.K 


3FI TE (NPRKT.2065 (SAT (ROUTE.  J; . j-1 .  NLE5S 'ROUTE) ) 

FORMAT \ '  SCHED  AIR  TIME:  MlFi.i; 

F(LIMRTE=NL'KF.TE+1 
READ;! 3. 11  ROUTE 
50  T0  10 
END  IF 

READ  (13. »!  NftCFT.  T'JPRC.  TURS6.  TURSU 
WRITE (NPRNT. 2071 NACFT. TURPC. TURS6 . TURSU 
FGRNATC  TOTAL  AIRCRAFT:  PEACE  TOR:  \F5.0.’  SURGE  TOR 

.FC.C.-  SUSTAINED  TOR:  \F5.2) 

DO  3!  5CUTE:!.NUNPTE 
DO  DO  D-D.NLEC-S 'ROUTE) 

IF  (BASE (ROUTE.  J ? . EQ. * V'CHS ' '  NPASE '.ROUTE. J)=10 
IF  BASE  (ROUTE.  J!  .EC.  ’CYYR’  ‘  NPASE  ROUTE.  J’-U 
IF  'BASE;sOL’TE.:>.EO. 'ESn'.'  NPASE  (ROUTE.  Jl  =10 
:c  BASE'EOU’LFn-’  NBnSE(RQUTE.D: -13 
IF  (EASE  RCUTE.D' .E3. ‘CYM’ '  NBASE •‘ROUTE.  J':-!4 
Ic  3ASE •( °OUTE. J ) . EQ. ’ EDIX ’ '  NBAS: (ROUTE. J 1=13 
IF  'BASE;cOUTE.::  .EO.’ENiri  NPASE  -(ROUTE.  J  *  =li 
IF  'EASE  (ROUTE.  J)  .£3. '  K.TIK  ’ '  NPASE  (ROUTE.  J ) =1 7 
IF  ( BASE •( ROUTE .  J )  .£0.  'KDOV  1  NBASE  (ROUTE.  J(  MS 
IF  BASE  'ROUTE,  J1  .EG.  ‘KURT  ’  NBASE 'ROUTE,  J)  =30 
CONTINUE 
CONTINUE 

oc ACETONE  "REN  ,CST  crll  TrY 

*V  !C~\  .1 

CUMULATIVE  CIETRISl’TIC.N  CF  "ISSICNS 

'*'C5' =NACFTtC 

XX  ■(  13)  =NAOcr*C 

ii  '4'-=:0IC4 'NACFT 

n!4S'=!4'.3t:i'IACFT 

-'■'ll:  MO’CICA/NACFT 

<1=9 ; 

DC  :o  .216 

ACFL'V  c' 1  "c  ■■ 

•C=AC'L'1!I.3l) 

IF  !FC. 3E. !C3, .  ’UEN 
2C=JNCF.M  ( •( . ,  ICO. .  3) 

ACFLTN'T.;I'=RC-3C 
EUSEI"  -‘FO.lt.  125.  (  'HEN 
ACFU'N::.;!'  =UNF' FC.C! 


ACFCN ( ‘  =ACFL*N !  I .  B - !  >  *■  (RC-SC '  C° 
CONTINUE 
ACRE**!  =0 
CO  CO  '=0.60 

ACFL’N'  I . r !  =ACF:  Tf! '  *-ACFl  <  I.  >; !  co 


"lEBIDN  FREQUENCY 
U!!f:*'JSERF;4) 

ATRIB!!8)=0. 

CALL  SCHDL !D. . 2400E+02. ATRIE) 

CALL  SCHDL i; . . I681E+04, ATRIB) 

ATRIB!18)=Q. 

CALL  SCHDL ( 9, . 4800E+02, ATRIB) 

ATRIB (18) -b. 

CALL  SCHDL (&..0100E+02. ATRIB) 

ATRIBUSJ-8. 

CALL  SCHDL !8, .Z761E+04, ATRIB) 

ATRIP  i  IS) =1 ! . 

CALL  SCHDL ! 1 1 . . 6000E+03. ATRIB) 

ATP  I B  ( 1 8)  =14 . 

CALL  SCHDL f 14. . 4800E»02. ATR 18) 

ATRIB!  18! =0. 

RETURN 

END 

SUBROUTINE  OTPUT 

ttmmttmtmmmmmmmtmmmtmmmimmmmouTPUT 

CGNNCN/SC3H1 /ATR IB ( 100) , 2D ( 100! . DDL i 100) , DTNCW, 1 1 . NFA, HSTOP. NCLNR 
1 , NCPDP . HPPNT . NNRUN, NNSET. MT  APE, SS ( 100) , SSL  < 100) , TNEXT, TMOW. XX ( 100) 
COHHCN/BRIAN/N'JHRTE,  BASIC !  10) ,  NLEGS!  10! ,  FRE9PC  ( 10) ,  TURPC,  TURS6 
1 , HBASE (10,0: 10) . STAGE ( 10. 10) . SBT (10,10), SAT (10.10). NACFT, ROUTE 
i .  FREQSU !  10) .  FREOSS  ( 10! ,  TURSU.  HRSflO.  EXPFLY 
COHHON/FLY  'ACFLTH(C!i,9I!  ,i1AN,N 
0R!TE'NPRNT.2C-:;mi) 

rCPKAT *  STAGE  CPEH  FOR  EVERY  '  JZ/J.'  ARRIVALS' 1 
>IP!TE  iNPRNT,  1  I'D  XX  ’2) .  XX  (3) 

FCRHAT  TO  \  «0  DAY  LIMITS:  \2F4.0) 

JR  ITS  NFRNT. 104) n (9) 

FORMAT  '  %  CREWS  AVAILABLE:  *.F4.0> 

4F ITE  NPRMT.II'SIXXU’.XXiSj.iXI&I 

FORMAT • '  RELIABILITY  -ACTCRS:  ’ .Fi.C.CY.FC.C.CX.F!.:! 


?.ET”.'RN 

END 

FUNCTION  .SERF  •'  IFN) 
COMMON. SCON!/ ATRIB! ID 


ON! ; ATE  IBs! 00  . CD  i  1 00  )  .DDL  ! 00: . DTNCW . II.NFA.NS’CP. NCL’r 
c  NT.  NHFUN,  NNSET ,  NT  APE.  SS  .1 00 :  .SSL:!  JO' .  TNEXT.  TNQjU?  1 00) 


COHHON.'BFIAfl.'NUHRTE. BAS'D-'  id  .NLESSilO;  .FREjPC'IC')  . 


TUFFS. TURDS 
HALF : . f CUTE 


i.frecsu  ;  .  "eces  ■:  io- .  *ufeu.  h?.enc.expflv 

IDNNDNF!  •  ACF:  TfKCii.3!  .HAN.N 
DIMENSION  VAL -HOT 

sc  '0  4.;!  ifn 

CCNP'JTE  EC.HE5  FLY  TI?!E 
RETURN 

ttttitttitttitiuimimutttmmtmittcKTE  home  station  crew 
if  :n'C:-.ED.4;  so  to  6 

IF  '  (TNGH-ATRIB (3? ) . LE. Ti.  USERFMC 
IF  :'*NCW-AtF!E!S".LE.:1d:  !JSEF:F=  TN0K-At=IP<2! */3 


RETURN 

immimimmmtimtmnE  station  estimated  unsched  maintenance 

lJSEEF=F:N0R«,6.  ,2.  ,3) 

RETURN 

EXPFLY=0 

tttttttmttltmmtmtCGMPUTE  SCHEDULING  FRE9UENCV  FDR  target  ute  rate 

HRS  PER  HO.,'  EXP  FLY  TIME  =  IMSNS  PER  MQ. 
726  HRS  IN  A  MO./  MENS  PER  MO.  =  FREQUENCY 
IF  !XX (4?> . EQ. 0>  HRSMO-NACFT I TURPCt  30. 44 
IF  (XX  '4°'  .EQ.  1.5  HRSM0=NACFTtTURS6»30.44 
IF  •:XX!4?;.EQ.:.)  HRSH0=NACFTtTURSUI30. 44 
DO  15  1=1 . NUMRTE 
VAL 1 1 ) =0 

DO  DO  J=1 . MLE55 1 1) 

<  4L  •  I  •  *VAL !  I )  ♦SAT !  I ,  J) 

CONTINUE 

IF  (XX(4?>.EQ.0>  EXPFLY=EXPFLY+ (FRE3PC ! ! ! IVAL ! I ) * 

IF  !XX !49! .S3. 1. )  EXPFLY=EXPFLY+  (FREQSG ’. I ) IVAL ( I ) ) 

IF  (XX ! 4?)  .£0.2. !  EXPFLY  =EXPFLY+ 1 FREQSU ( I )  IVAL ID) 

CONTINUE 

USERF=730.56/ (HRSMO/EXPFLY) 

RETURN 

tmmmmmmtmmmmmmummis  base  a  staging  location1 
LISERF=STAGE ! ATR I B  -I ?) .  ATR I B ( 1 3 )  - 1 ) 


TABLE  H.Z 

SWA  Sinai?  Homebass  Scenario 


KWP I  (10) 

KDQV (11) 
LPLA (12) 
HEXX (13) 
OOXX ( 14) 
GEXX(IS) 
LPLA (12) 
KWRI (10) 

KWF: I  :  10) 

KTIK (16) 
LPLA (12) 
HEXX (13) 
20 XX (14) 
OEXX (15) 
LPLA (12) 
KWRI ( 10) 

KWRI (10) 

KF'XX  (17) 
LPLA (12) 
HEXX (13) 
OOXX (14) 

ANQVA  Input  Prpgr am 


/PROBLEM  TITLE  IS  ’THESIS’. 

/INPUT  VARIABLES  ARE  13. 

FORMAT  IS  FREE. 

FILE  IS  ’anoval.dat’. 

•VARIABLE  NAMES  ARE  ID, STAGE. FLYLMT. TUR, PERCENT. OR. REL I AB 

GND .  LESS .  AURF'UR ,  AVGWORK ,  AVGFL  f ,  CANCEL,  AUR. 

ADD=1 . 

LAEEL  IS  ID. 

TRANSFORM  IF  : TUR  EG  -1>  THEN  AUF- AURF'UR 1 15.  1 . 

IF  ( TL'F  Eu  1:  rHEN  AL‘F=AUFFUF  *  1 S.  1 . 

L)SE=ID  LE  S4. 

/GROUP  CODES (2)  ARE  -1.1. 

NAMES (2)  ARE  THIRTY. SIXTY. 


CODES < 3) 

ARE 

-l.l. 

NAMES (3) 

ARE 

ONETWOF I VE . ONEF I VEZERO . 

CODES  < 4 i 

ARE 

-1,1. 

NAMES (4) 

ARE 

THREEFIVE,  FOUR-FIVE. 

CODES! 5) 

ARE 

-1,1. 

NAMES (3) 

ARE 

EIGHTY, NINETY. 

CODES ( 6) 

ARE 

“1.1. 

NAMES (6) 

APE 

FOUR, FIVE. 

CODES  !7'’ 

ARE 

“  1  .  1  , 

NAMES'"' 

ARE 

N I NEFQUPE I GHT . N I NEC I VEF I VE . 

CODES (3) 

AF.E 

-1.1. 

NAMES (8) 

ARE 

TWOONE. TWOTHFRE. 

CODES (=> 

AFE 

-1.1. 

NAMES 

AFE 

NATO. SWA. 

GROUPING 

hF.E 

.  x  =■,  - 

DEPENDENT  IS 

11. 

INCLUDED 

riM  E 

1  .  T  .  “  J.  ^  ”  _  Cr  1  -  1  -  .  *  J  1  =■ 

Appendi 


Regression  Anal 


TABLE  J. 1 

Center  Point  and  A;< i < 


65 

’1 

0 

0 

0 

0  0 

-1 

1 

.6968 

136.2  87.0)8 

66 

0 

0 

0 

0 

0  0 

-1 

1 

.  6859 

136.5  36.20 

6? 

0 

»’) 

0 

0 

0  0 

-1 

i 

l 

.6897 

137.2  86.08 

68 

0 

0 

0 

(*» 

0  0 

-1 

1 

.7051 

137.6  88.06 

'  Q 

0 

0 

0 

0 

0  0 

-1 

1 

.  6840 

136.8  85.24 

70 

0 

0 

0 

0 

0  0 

-1 

1 

.6=91 

138.0  9~.53 

"1 

0 

0 

0 

0 

0  0 

_  1 

1 

.7141 

1:7.7  99.24 

72 

ij 

0 

1*' 

0; 

0  0 

1 

.  7087 

177,7  pp  ,  4. 1 

O' 

0 

0 

0  0 

-1 

1 

171.4  83 . 30 

74 

0 

0 

0 

O' 

0  0 

—  i 

1 

.  ~  1 60 

1 37 , 5  89 . 37 

“*cr 

■  ) 

0 

0 

0  0 

-1 

i 

.  6872 

134.9  85.84 

76 

0 

0 

0 

0  0 

-  1_ 

1 

.6==7 

173,0  86.8° 

0 

0 

/■> 

0 

0  0 

-1 

_  1 

.  6506 

129.0  31.30 

78 

0 

fi 

0 

0 

0  0 

-1 

-  i 

.627= 

123.3  78. 11 

73 

0 

1*1 

0 

*]» 

0  0 

-1 

-1 

.  6308 

123.6  T8. 92 

80 

0 

(j 

0 

0 

0  0 

-1 

-1 

.6241 

123.1  78.01 

31 

0 

C\ 

0 

0 

0  0 

-1 

-1 

.  6276 

123.4  77,39 

82 

0 

1*1 

n 

0  0 

—  1 

-1 

.  6260 

123.8  "9.30 

7  4* 

.*) 

0 

#*i 

0  0 

-  1 

_  1 

- 1 

- 1 

.  6208 

123.4  7-t>63 

124.5  7=.75 

*1 

O' 

-  1 

- 1 

.  2 1  •  j 

t  77. n  77,70 

36 

0 

o» 

O' 

1*1 

1*1  l*'l 

-  1 

- 

.  6252 

122.3  7P. I" 

:> 

O' 

0 

1*1  1*1 

-  1 

-1 

.6245 

122. 9  78.07 

38 

O'  0 

-  t 

- 1 

.6278 

127.6  ^3.54 

3  0 

"  _ 

32  = 

O' 

O'  O' 

n 

-1 

1  .4= 

23  117.3  61 

90 

- 

822 

O' 

-  \ 

1  .51 

75  1 0'O' .  4  64 

°z 

r, 

-  \ 

1  -.3 

~'j  3  _  .  ^  1 

22  120."  0“ 

O*" 

•  j 

220 

—  1 

1  _  _ 

36  154."  10 

QO. 

r  j 

O' 

- 

020  V 

- 1 

1  _  -3 

”  111.3  ^2 

~  cr 

•;« 

j 

-2.020 

-  i 

2 _ . 

10'  1=6.5  12 

3,5 

1 , 320 

O' 

- 1 

1  . 

10^.3  r0 

0 

O' 

0-  -2. 

3  2 

0  -  1 

1  . 63°4  176.5  3= 

325 

0  0 

7 

_  ' 

-  1  .Tl 

"2  10T.0  0 *1 

1 00 

n  <“.r* 

0 

0' 

0 

»  r 

-1 

-  1  .32 

c2  122.5  "3 

l  - 

-2. 

320 

•*) 

Ij  *1 

0 

-  1 

—  1  “*T 

03  6-5.04  41 

102 

r-l 

323 

i  » 

ij  **» 

•  j 

-  1 

- 1  ,  r  2 

65  124.4  73 

J  r.  “* 

O' 

-2. 

3  70 

O' 

-1 

- !  .62 

r-'  148.7  =4 

104 

'O' 

“ 

329  O' 

1*1 

-  1 

- 1  . = 1 

86  10»5.  -4  66 

1  r-.e- 

- 

e'MDP  Rggrs=  =  i  on  Incut  for  A  UP 

PROBLEM  TITLE  IS  *AUR  REGRESSION". 

'INPUT  VARIABLES  ARE  17. 

FORMAT  IS  FREE. 

FILE  IS  ’anovai.dat’, 

VARIABLE  NAMES  ARE  ID. STAGE. FLYLMT, TUR. PERCENT, CR. REL I AB, 

GND, LEGS, AURPUR, AVGWOPK. AVGFLY, CANCEL, AUR, SF, PR. EL, 
~L. SSQ. FSQ. PSG. CSO. RSQ, C5.SC.ABEG. DEFG, TSQ. 

ADD= 15. 

LABEL  IS  ID. 

/TRANSFORM  IF  (T»JP  EQ  -1>  THEM  AUF -  AURPUR'#  15.1. 

IF  ‘TUF:  EQ  1)  THEN  AUF-AURF'UE*  16.  1 . 

IF  (TUP  EQ  0)  THEM  AUF-AUFPUF *  15. t. 

SF =ST  AGE# FLYLMT . 

PR=R'EPCEMT  #p'ELIAB. 

3L=ST AGE# LEGS. 

FL=FLVLMT*LEGS. 

SSQ=STAGE# STAGE. 

FSG=FLYLMT#FLYLMT. 

='SG=F'EPCENT*PERCENT. 

CSQ=CP#CF:, 

R5Q=RELIAB#F:EL  IAB. 

CG=CF#GND. 

SC=STAGE*CR. 

ABEG=STAGE#FL  r'LMTtCF *GND. 

0 E *-  G =C'E R C E N T  i  CR  # PEL  I  AB  #  GND . 

TSC=ri  'P 1  Tl  'R . 

USE=LEGS  EG  -1. 

DELETE=QO  T0  101. 

F EGRESS  DEPENDENT  IS  AIJR. 

INDEPENDENT  arc  STAGE.  Cc'.  -LMt.  =EPCENt .  ,  rc  .  C'EL  I  -B. 

“  SO .  SG.  F'EQ .  SSO .  730.  TL'R ,  ‘rSG . 

METHOD=MCNE • 

TQL= . 01 . 

'PC  I'll  mats  ICES  are  -3CVA.  OQPP.  PFEG.  =ES  I . 

cLC'r  r’.’AP  APE  c ESI  DUAL.  -CEDICTD. 

X VAF  APE  ccEDI 7tD. AVOWCF!  . 

NOF MAL . 

SITE  IS  AO. 05. 

'  END 


J-2 


TABLE  J. 2 

PM  DP  F:sgr  5S  =  x  on  Resul  t  =  tor  AUF  ( SWA) 
=TATISTIDE  FOR  ’3E5T’  SUBSET 


"ALLOWS'  CP  2.41 
SQUARED  MULTIPLE  CORRELATION  .74544 
MULTIPLE  CORRELATION  .37489 
ADJUSTED  SQUARED  MULT.  CORR.  .73878 
RESIDUAL  KEAN  SQUARE  .191194 
STANDARD  ERROR  OF  EST.  . 437240 
“-STAT I ST IC  23.72 
NUMERATOR  DE5REES  OF  FREEDOM  3 
DENOMINATOR  DEGREES  OF  FREEDOM  44 
3IENIF!rANCE  'AIL  ?tJ0E.’  .0000 


VARIABLE 

RE6RESSIQN 

STANDARD 

STAND.  T- 

2TAIL 

CONTRI- 
TOL-  BUT  ION 

.  NAME 

CDEFFICIENT 

ERROR 

COEF.  STAT. 

SIS. 

EPANCE  T0  R-SQ 

[VjrcprcoT 

!0. a0,7- 

#  11)9315 

12.738  99.49 

.000 

STflEE 

-.384944 

.0772974 

-.343  -5.01* 
.423  5.79* 
.313  7. 03* 

.000 

1.000000  .13359 

Z\  VI  WT 

,447644 

,0772974 

.000 

1.000000  . 1 7879 

-D 

.343230 

.  )772974 

.  000 

1.000000  .24334 

ARC 

-.0*40535 

.0410033 

-..•,7S 

1 

-.424  -3.03 

.238 

,305"iw  ,00c  is 

-.'31031 

.  pgqtfl 

.  000 

.=68743  .18095 

l=signific 

ant  at 

C5Z 

*-E  ::nts;bL'T’CN  TO  R-EQIJARED  "OR  EACH  VARIABLE  IS  THE  AMOUNT 
5.  :jn>JL5  5E  "EDUCED  !=  *»AT  VARIABLE  WERE 

;rM.-vc:  rc.iM  -ur  ^-.CESSION  EQUATION. 

STANDARD  stand-  DELETED  ADJUSTED 

.c  C5C*!C'ED  ECC0C  J"  ACD1JED  R CE r ? )  c"E:Si 

u„  , it  >ai  -is  sspr.  "it  sc-tt.mAi  spejmiai  sc=»r.iui  :<;SD. -’“L 


<•  < 


hSLE  J.5 

BMDP  Reqr=s=icn  Result h  -or  AVElNC'F.r  (£W 


STATISTICS  FOR  'BEST'  SUBSET 


MALLOWS  CP 

SQUARED  MULTIPLE  CORRELATION 
MULTIPLE  CORRELATION 
ADJUSTED  SQUARED  MULT.  CORR. 
RESIDUAL  MEAN  SQUARE  3 

STANDARD  ERROR  OF  EST. 
F-STATISTIC 

NUMERATOR  DEGREES  OF  FREEDOM 
DENOMINATOR  DEGREES  OF  FREEDOM 
SIGNIFICANCE  .TAIL  RROB.) 


VARIABLE 

REGRESSION 

STANDARD 

STAND. 

DTAIL 

TQL- 

BUTION 

NO.  NAME 

COEFFICIENT 

ERROR 
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